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CHAPTER I. INTRODUCTION 
Toward the end of the twentieth century, there remain 
few regions in the world where it is still feasible to 
attain economic growth through the expansion of the 
agricultural frontier. One of these regions is the 
Amazonia. 
Demographic and overall economic pressure has been 
increasing for further occupation and exploitation of 
Amazonian resources. The development of highways has been a 
crucial factor for relocation of capital, labor and 
entrepreneurship from regions with apparently less marginal 
comparative advantages, along with additional development 
policies that are translated into net subsidies for economic 
activities in the "new" lands. 
Opponents to frontier development models stress that 
these models overlook: a) the interests of the native 
population that have been using the Amazonian resources for 
centuries without disturbing the ecosystem (Stocks, 1984; 
Ramos, 1984); b) the interests of future generations that 
might inherit a depleted soil; and c) the interests of 
non-migrant population for whom net benefits from the 
development of the Amazonia are uncertain, but who must bear 
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very high investment costs (Nelson, 1973). 
The fact is that very short run solutions are needed to 
alleviate survival needs of most Peruvians. Estimated gross 
domestic product per capita was around 809 U.S. dollars in 
1988, and infant mortality was about 88.2 per thousand in 
1987 (Peru, 1989). The social cost of postponing present 
consumption seems just too high. This does not imply that 
the development of the Amazonia is either the only or the 
best alternative to solve short term needs. But the 
spontaneous flow of migrants will continue even without 
subsidies; therefore, the main problem is now how to 
redirect the development path to avoid the negative outcomes 
described above. 
Agricultural research and extension must play an 
important role in supplying information to settlers. 
Technical innovations must provide enough perceived benefits 
to individual farmers in order to have a high probability of 
adoption; at the same time, the innovations must tend 
towards an increase in productivity of land in a stable 
manner. 
Unfortunately, there are many examples in literature of 
apparently excellent results from research stations that, 
after a costly and long term investigation, do not fulfill 
one final requirement; their adoption by the small farmers. 
The gap in the appreciation of technological innovations 
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between agricultural researchers and producers results from 
incomplete information used in ex ante research evaluation 
regarding the factors involved in decision making at farm 
level, specially those affecting small multioutput farms. 
(Ewell, 1990; Zandstra et al, 1981; Barlow et al, 1983). 
Misunderstanding of the decision making process and the 
importance of human capital variables lead to failures in 
forecasting the effects of policies upon farmers supply 
responses. The results translate into an inaccurate 
cost-benefit analysis. 
Consequently, it is fundamental to understand the 
economic behavior of settlers in relation to decisions that 
in aggregate are shaping the development path of frontier 
lands. 
The objectives of this study are; a) to build an 
econometric model of decision making by small farmers in the 
Peruvian Amazonian lowlands; b) to estimate the effect of 
human capital and other predetermined and exogenous factors 
upon the level of adoption of technology; and c) to 
estimate the multioutput response functions. 
The economic behavior of settlers will be modeled based 
on utility theory. Decisions include alternative activities 
and the level of short term and medium term factors of 
production. For the empirical analysis, cross-sectional 
data collected in the Pucallpa region of lowland Amazonia 
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will be used. Given the diverse degree of development of 
the farms, and the variability in information sets and 
perceptions, the econometric model must permit interior and 
corner solutions. This situation will lead us to deal with 
limited dependent variables. 
The analysis will explicitly consider human capital 
variables, including experience in other regions, in a 
system of choice variables related to the demand for inputs, 
including adoption of new technology. The system must take 
into account fixity or flexibility in factors of production, 
and the interrelation between fixity and simultaneity in 
farm decisions. 
The next chapter will present a general description of 
the physical and demographic situation in the Peruvian 
Amazonia. The evolution of farming systems and 
technological alternatives are also described. Chapter III 
reviews some theoretical concepts related to decision making 
and the multioutput technology relevant to the economic 
behavior of settlers in the Amazon. The econometric model 
follows in the Chapter IV. Data collection and general 
descriptive results are presented in Chapter V. The next 
two chapters are devoted to present and discuss econometric 
results: input demand decisions and supply response 
functions. Implications and conclusions go in the last 
chapter. 
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CHAPTER II. AMAZONIA AND FARMING SYSTEMS 
Forces that have been shaping the development of the 
Peruvian Amazonia are outlined in this chapter. Special 
emphasis is given to migration, the formation of farming 
systems, and the information that has been collected at the 
agricultural research level. 
Regional Division of Peru 
The Andean Mountains cross Peru from South to North 
dividing the country in three main regions: Costa, Sierra 
and Selva. Table 2.1 shows the distribution of area and 
population of the country among these natural regions. 
The Costa is a narrow desert strip of land located 
West of the Andes cut frequently by short valleys where an 
intensive agriculture has been developed. The cropping 
area in the Costa only represents 21.8 percent of total 
cropping area of the country. However, more than 52 
percent of Peruvians live in this region, where most of the 
industrial sector is located. The population density in the 
Costa is almost 81 inhabitants per square kilometer (Peru, 
1989). 
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The highlands or Sierra is a region dominated by the 
three main ranges of the Peruvian Andes. About 62 percent 
of the cultivated area of the country is located in the deep 
valleys of the Sierra; fertile soils and docile climate have 
stimulated the concentration of population in these not very 
extensive areas. In contrast, most cattle, sheep and 
American camels^ are raised at higher altitudes where only 
natural grasses can grow; here population density is 
Table 2.1 Distribution of land and population of Peru, 
1988, among its main natural regions (Peru, 
1989) 
Region Costa Sierra Selva Peru 
Population (million) 11.089 7.786 2.381 21.256 
Area (ha) 13713.3 40828.9 73979.3 128521.5 
Cultivated area (ha) 806 228 605 3691 
Density (pop./sq. km) 80.86 19.07 3.22 16.54 
^Lamas, alpacas and vicunas belong to the Camelidae 
family. 
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relatively low. The Sierra as a whole has about 37 percent 
of the population of the country (Peru, 1989); although half 
a century ago Sierra supported as much as 55 percent of 
Peruvians (Peru, 1981). Thus, the Sierra has been a typical 
labor-exporting region. 
About 80 million hectares of tropical evergreen forest 
to the East of the Andes correspond to the Peruvian 
territorial share of the Amazonia. The region constitutes 
more than 60 percent of total area of the country. 
For centuries the Peruvian Amazonia or Selva has been 
very sparsely inhabited by native people dedicated to 
fishing, hunting and subsistence agriculture^ The tribes 
were until recently -and many still are- at the margin of 
the country's political system and disconnected from the 
rest of the economy. 
The Peruvian Amazonia has been divided traditionally in 
two regions: Selva Alta and Selva Baja (Figure 2.1). The 
division is based on physiographic characteristics. Selva 
Alta is the region located between the Eastern slopes of the 
Andes, from about 2000 meters above sea level, and the 
Amazonian lowlands or Selva Baja, which begins at around 500 
meters above sea level. The Selva Baja consists of more 
than 60 million hectares of flat tropical rain forest, along 
which numerous sinuous navigable rivers flow toward the 
Amazon. 
8 
/ 'AMA--} :  
1> I U « A  
uAMBAYeaue  \CAJA'  '«^ . / .SAN MABT.N,  
m 
UCA •  A 
GLcAs. ; 
APUPjVAC 
l i | j | i | j j i ! -> ' -CUCHOr 
Costa 
Sierra 
Selva baja 
Selva alta 
KILOMETERS 
Figure 2.1 Natural Regions and Departments of Peru. 
9 
Development of Frontier Lands 
After six centuries of the expansion of Tahuantinsuyo^, 
and after four centuries since the arrival of the Spaniards, 
the resources of the Selva remained largely "untouched" 
until very recently. There are about fifty ethno-linguistic 
groups dispersed throughout the region; but very few have 
incorporated Quechua roots in their languages (Uriarte, 
1976): an evidence that the Incan Empire did not settle in 
the Amazonia. For the Spanish conquerors in the XVI 
century, the search for "El Dorado" in the tropical jungles 
only produced disappointment and death. 
The rivers have been historically a crucial element for 
natives, explorers and settlers. The ethnic communities and 
settlements were distributed along the rivers using rich 
alluvial inundable soils for agriculture, apart of 
fishing and hunting activities. Cattle activities started 
latter using higher non-inundable lands. The rivers were 
fundamental elements for marketing and transportation. But, 
such communication was essentially intra-regional; by mid 
century the Selva was still inarticulated from the rest of 
the economy. Because of the huge volume of water of the 
^Tahuantinsuyo is the Quechua name of the Incas Empire. 
2 Quechua is the Inca's language. 
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rivers the region communication toward the Atlantic Ocean, 
3500 kilometers to the East, was easier than toward the 
Pacific Ocean, 500 kilometers to the West. Lima, located in 
the Western coast of the continent has been the center of 
political and economic decisions, and the Selva was simply 
too distant. These circumstances contributed, for example, 
to the abusive and chaotic exploitation of rubber by foreign 
investors at the beginning of the century.^ 
Like rubber, other eventual cycles (timber, animal hide, 
barbasco and quinine ) temporarily increased economic 
activity in the Amazonia causing in turn heavy human costs 
to the native population and failing to construct a 
sustainable, long term development path of any kind. 
A clear change in regional development path started by 
the 1940s. The development of roads is probably the most 
important factor explaining economic growth in the Amazonia. 
Migration 
Table 2.2 shows population size and growth in Peru and 
the Selva from 1940 to 1981, according to four population 
^Seé, for example, Valcarcel (1945). 
^Barbasco and quinine are chemical substances obtained 
from trees and used in fishing and medicine, respectively. 
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censuses. The population in Costa and Selva grew at an 
annual rate of more than 3.5 percent, while the Sierra grew 
only at 1.2 percent per year. Given data about birth and 
mortality rates, it is easy to interpret such differences as 
a net migration from the highlands to the large cities in 
the Costa and to the labor-demanding Amazonia. The relative 
population of the coast increased from 28 to 50 percent of 
the country's population in only forty years. In the same 
period, the Selva's population share increased from 6.7 to 
10.6 percent; while the Sierra's share decreased steadily 
from 65 to 39.4 percent. 
Table 2.2 Population in Peru and regional shares from 1940 
to 1981^ 
Peru Costa Sierra Selva 
Total shares 
1940 6,207,977 28.3 65.0 6.7 
1961 9,906,746 39.0 52.3 8.7 
1971 13,538,208 46.1 44.0 9.9 
1981 17,031,221 50.0 39.4 10.6 
^Adapted from Peru (1981). 
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Although slums around the coastal cities continues to 
grow alarmingly, economic frontiers in the Selva have been 
expanding persistently. The development of road 
infrastructure since the middle of the century has had 
immediate effects on economic growth of the Eastern regions. 
The roads stimulated the extraction and first stage industry 
of timber, activated trade, and augmented net land supply 
for agriculture and ranching. 
Pucallpa, a port on the Ucayali river, is located at 85 
kilometers from the international border with Brazil, in 
central Selva Baja (see Figure 2.1). It had less than two 
thousand people in 1940. In 1943, Pucallpa was connected by 
road with the Sierra and Lima for the first time. According 
to 1981 census, the city had as much as 92 thousand 
inhabitants and was growing at a rate of 5.2 percent per 
year (Martinez, 1985). 
Besides road construction, several policy measures aimed 
to foster the development of the Amazonia were put into 
effect at a regional level by several administrations: tax 
exemption, subsidized credit for industry, trade, 
agriculture, cattle raising and timber extraction, and 
preferential tariff conditions. These measures translated 
into a powerful real subsidy for natural resource 
exploitation that has favored the transfer of capital and 
labor from other regions. 
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The origin of migrants to lowland Amazonia varies 
through time depending on changes in the relative 
magnitude of migration forces in space. According to the 
1981 Census, about 34 percent of migrants to Selva Baja came 
from Costa and Sierra; 30 percent came from Selva Alta; and 
other 34 percent migrate between departments within the same 
region (Table 2.3). 
Migration at a micro level may be a complex multi-stage 
process toward spatial equilibrium in labor and capital 
Table 2.3 Origin of migrants in Selva Baja according to 
a 
1981 Census of population 
Region of origin Number of migrants Proportion 
Costa 18, 637 20. ,6 
Sierra 12, 580 13. ,9 
Selva Alta 27, 489 30. 4 
Selva Baja 31, 683 35. ,1 
Total 90, 389 100, .0 
^Adapted from Peru (1982). 
14 
markets. Crucial factors in the process are information, 
inter-regional kin relationships and attitudes toward risk 
of the potential migrants (Todaro, 1980; Yap, 1977). It has 
been found that migrants do not separate themselves 
completely and instantaneously from the original homeland; 
instead they maintain property and family links given the 
relatively high degree of uncertainty involved in settling 
in a completely different environment. As information and 
experience build some confidence, and as labor becomes 
increasingly binding for growth and maintenance of the new 
lands, settlers gradually reduce their links with the place 
of origin (Aramburu, 1984). 
Historically, Selva Alta has received more influx of 
migrants than Selva Baja, mainly because it is closer to the 
supplying regions, but also because it provides better soils 
for agricultural purposes. Nevertheless, land becomes 
scarce and soil fertility falls. An obvious alternative for 
the individual settler is to move to other parts of the 
Amazonia, where demand for land is lower and soil fertility 
still provides an attractive expected return. Other 
alternatives include returning to the origin, and 
participating in off-farm activities in the region. 
The push-factors from other regions may be summarized by 
the low relative family income in those regions. However, 
different socio-political circumstances have encouraged 
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reallocation of capital in the last decade. High profits 
from coca production jointly with high socio-political 
instability have induced many farmers of Selva Alta to 
diversify activities investing in land and cattle further to 
the East, in the lowlands of the Amazon Basin. 
Farming systems 
The pattern of use of new lands depends upon the wealth 
or credit reserves that the settler enjoys. Most settlers 
must rely mainly on their labor during the first stage. 
This type of colonist adopts a shifting cultivation system 
for several years. The forest is cleared using ax and 
machete, and the residues are burned. Annual crops (corn, 
rice, cassava) produce well over the ashes. However, high 
soil fertility is transitory, and after one or two harvests 
in the same area, the farmer is compelled to abandon it. A 
secondary vegetation or purma invades the land in fallow and 
gradually restores the soil fertility. The process lasts 
more than five years and is a function of the botanic 
composition of the purma. The fallowing period may be 
accelerated with the inclusion of legumes, like Pueraria 
phaseoloides (kudzu). 
An objective of small settlers is the creation of 
productive capital based on the use of low-opportunity cost 
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labor. If credit reserves are available, usually through 
governmental farm credit programs^, then capitalization may 
be faster and permit the farmer to diversify toward a 
cattle-crop operation. However, the rate of abandonment of 
farm units has been high because of labor, credit and 
technology constraints, and because of unfavorable terms of 
trade at the farm gate (Nelson, 1973). 
A farm that has reached the cattle-crop stage is more 
stable. A recent survey in the Pucallpa region showed that 
the main reason for farmers turning to cattle activities was 
to reduce risk (Riesco et al., 1982). 
Before the 1980s, the most diffused sown pastures 
(Hyparrhenia rufa and Panicum maximum) had problems of 
persistence. Stocking capacity falls quickly as pastureland 
is invaded by weeds and natural pastures, low in basic 
nutrients (Santhirasegaram, 1975). The introduction of 
Brachiaria decumbens (brachiaria) to the Amazonia in the 
'70s was a turning point in livestock development. 
Brachiaria is aggressive, persistent and well adapted 
^Banco Agrario is the governmental office that 
administer farm credit. Funds are often in short supply, 
but interest rates are kept at a preferential level. As a 
result, the non-interest cost of credit for small farmers 
turns high. 
17 
gramineous pasture, that has had a rapid diffusion among 
cattle farms in the region, in spite of the low availability 
of seed. 
Until the end of the '70s, herd stock in the region was 
formed almost exclusively by cebu and Creole type of 
animals, and the cattle component was dedicated only to beef 
production. Pure Holstein and Brown Swiss started to be 
introduced slowly, due to problems of adaptability to the 
tropical environment (IVITA, 1989a). 
The increase in urban activities in the region caused an 
improvement in the terms of trade at the farm gate and milk 
production became an attractive alternative. Small cattle 
farms slowly increased the proportion of Holstein and Brown 
Swiss in the herd. This tendency was fostered, between 1981 
and 1986, by a milk production program sponsored by the 
Regional Development Corporation and the Veterinary 
Institute for Tropical Research (IVITA). The main action of 
the project was the diffusion of Holstein and Brown Swiss 
phenotypes through a service of artificial insemination in 
Pucallpa and Iquitos areas (IVITA, 1981). 
Technical Innovations: Prior Information 
Livestock activities in the area are based on pastures, 
given the relative abundance of land. Soils, however, are 
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mainly ultisols; acid soils with low phosphorus content and 
high level of aluminum. Pastures sown in these conditions 
have in general low productivity and are easily invaded by 
weeds. 
Research has been devoted to selecting pasture species 
or ecotypes that are tolerant to the region conditions and 
have high productivity. Since the mid seventies, brachiaria 
has been the most promising grass for the region. Other 
grasses were earlier introduced to the region before, mainly 
Hyparrhenia rufa and Panicum maximum. However, they did not 
have enough persistence under grazing. These grasses were 
gradually invaded and substituted by natural pastures and 
weeds. 
Brachiaria and other new pastures can be introduced to 
substitute either degraded pastures or forest and secondary 
vegetation. In the first case, machinery and fertilizers 
are recommended for a better and quicker establishment of 
the new pasture. Machinery services, availability of 
fertilizers and liquidity then become the most important 
constraints for this type of innovation. Besides, there is 
a degree of uncertainty about the success of the investment. 
In cases of secondary vegetation and forest, the 
introduction of a new pasture, such as brachiaria, does not 
require machinery since sowing is done after slashing and 
burning. The main problem in this case is availability and 
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quality of seed. Consequently, the most frequent practice 
is to use vegetative propagation (parts of plant), 
a practice that requires more labour. 
Because there is a smaller set of restrictions involved 
in adoption of brachiaria when it substitutes forest or 
secondary vegetation rather than when it substitutes 
degraded pastures, farmers tend to introduce brachiaria in 
new areas, leaving the old areas. The problem is that old 
pastures are near the house, yards and parlor, and near the 
road; while improved pastures are often far into the forest. 
Nitrogen content in the soil and low protein content in 
the diet have been dealt with by planting adapted legumes in 
association with grasses. Several legumes have been tried; 
but kudzu has had a relatively long history of success in 
the Amazon Region. The diffusion of kudzu is due, in part, 
to the multiple use of this legume: to control weeds within 
permanent crops, to improve the quality of soils which 
reduces the rotation period between annual crops in shifting 
cultivation, and for grazing. On the other hand, the 
manageability and quality of the seed has been crucial for 
its diffusion. The limitations to further adoption of kudzu 
seem to be the low persistence of kudzu-grass associations 
and problems with relative palatability or acceptability of 
kudzu by cattle. According to experimental observations, 
palatability is related to type of breed: European 
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crossbreds seem to have greater acceptance of kudzu than 
pure cebu cattle (IVITA, 1989b). 
Some summary experimental results follow. Data in Table 
2.4 correspond to different grazing experiments carried out 
in IVITA's Pucallpa research station. Productivity is 
measured in terms of liveweight gain (LWG) per animal, 
conditional on the stocking rate or number of animals per 
hectare. In general, stocking rate is the most important 
factor affecting LWG after type of pasture and 
supplementation. 
It is very difficult to obtain a meaningful summary of 
experimental responses of milk production to different 
pastures. Many factors condition the responses: genotype 
and age of cows, milking technique or amount of milk left to 
the calf, duration of milking period, stocking rate, 
distance from parlor to the pasture areas, season, etc. 
Some conditional experimental results are given in Table 2.5. 
Several factors limit the change from beef to dual 
purpose activities or constrain the expansion of milk 
production. The main such factors are: breed of cows, lack 
of experience in dairy, low quality of pastures, distance 
form parlor to improved pastures, low relative price of milk 
at the farm gate and labour availability. 
Phosphorus is the most limiting mineral element for 
cattle in the region. The effect of mineral supplementation 
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Table 2.4 Liveweight gain per animal in different pastures 
according to experimental results, Pucallpa. 
All animals received mineral supplements ad 
libitum^^ 
Pasture 
and stocking rate 
Mean S. deviation 
(g/day/animal) 
Native grass 
1.8 
2.6 
Native grass + S. guianensis 
2.1 
3.0 
B. decumbens 
1.8 
2.7 
B. decumbens + kudzu 
2 . 0  
2.4 
227 
160 
403 
345 
503 
433 
503 
520 
17 
61 
39 
33 
21 
60 
56 
58 
^The first three sets correspond to young cebu Nellore 
bulls, the last one corresponds to cebu Nellore heifers. 
^Adapted from IVITA (1989a) and Santhirasegaram et al, 
(1975). 
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Table 2.5 Milk production per cow per day, duration of 
milking period, under different pastures, 
management systems and type of cows^ 
Technological System Milk 
Production 
Milking 
Period 
Native + S. guianensis 
one milking/day, cebu Nellore 0.97 n.a. 
Native + S. guianensis 
one milking/day, 1/2 Holstein 2.01 221 
B. decumbens 
one milking/day, 1/2 Holstein 3.95 244 
B. decumbens + kudzu 
one milking/day, several cross­
bred types 3.53 n.a. 
B. decumbens + fertilization N 
two milking/day, 3/4 Holstein 8.75 n.a. 
^Adapted from IVITA (1989b) and De la Torre (1976). 
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Table 2.6 Liveweight gain of heifers (g/day/animal) on 
different pastures with and without phosphorus 
supplement. Stocking rate is 2 animals per 
a 
hectare in all cases 
System LWG 
Native 152 
Native + kudzu 165 
b 
Native + kudzu* 218 
Native + kudzu + P supplement 439 
Native + kudzu* + P supplement 483 
a 
Adapted from IVITA (1989b) and Santhirasegaram et 
al. (1975). 
b 
Kudzu* implies fertilization with phosphates. 
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Table 2.7 Cow fertility rates (% of births per year) on 
different systems^ 
System Birth rate 
Native grass 56.8 
Native grass + P supplement 63.3 
b 
Native grass + kudzu* + P supplement 80.4 
\udzu* implies fertilization with phosphates. 
Adapted from Riesco et al. 1976. 
based on phosphorus was studied at least in a couple of 
experiments in the region, as shown in Table 2.6, in terms 
of LWG, and Table 2.7, in terms of cow fertility. The 
responses to phosphorus supplementation are very strong. In 
a simulation model using these results, it was shown that 
the financial internal rate of return could increase from 
about 3 % in native grasses to more than 8 % due only to the 
adoption of phosphorus supplementation ad libitum (Riesco, 
1977). The main constraints for adoption of this innovation 
are information at producer level, availability of 
appropriate supplements in the market, and liquidity. 
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The use of energy supplements becomes attractive when 
there are by-products of the cropping activities, and the 
animals have a marginal response to additional feed. This 
situation might occur on bad quality pastures and when 
cattle have a relatively high genetic potential. 
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CHAPTER III. THEORETICAL CONSTRUCTS 
In order to explain structural changes in production 
systems in the region it is useful to analyze the farmers' 
decision making process. Economists and other social 
scientists have long been interested in modeling the process 
of selection of alternatives made by economic agents. The 
aim behind this interest has been descriptive, predictive 
and/or normative in nature. 
It is important to understand what factors intervene in 
the selection of an economic alternative when producers are 
confronted with a set of choices, and what is the expected 
magnitude of each effect. Once this information is known, 
policies may be properly designed and accurate predictions 
be made.-
The Objective Function 
The search for an simple and useful model of decision 
making had as a cornerstone the works by Cramer and 
Bernoulli in the eighteenth century. They proposed that, in 
general, individuals maximize an expected utility function 
rather than expected monetary value; the pertaining utility 
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function was positive and decreasing with respect to wealth 
(Bernoulli, 1954). Nevertheless, it was not only until 1947 
that von Neumann and Morgenstern developed a formal theory 
of expected utility. The foundations of the theory are a 
set of axioms that are, in fact, rules of behavior of 
decision makers when outcomes of alternative actions are 
uncertain.^ Utility was defined to represent preferences and 
measure them in a cardinal way. 
Marschak (1950) proposed to use the theory of expected 
utility as a pattern for rational behavior of economic 
agents. 
The treatment of expectations is a key issue in decision 
theory. Expectations depend on the probabilities of 
different possible outcomes. But the notion of 
probability has been long subject to debate. Schoemaker 
(1982) identifies four major schools of probability; from 
LaPlace (1812), Bernoulli (1713) and Keynes (1921), that 
used an objective or frequentist definition, to the 
subjective or personal school developed by Ramsey (1931), de 
Finetti (1937), Savage (1954) and Pratt, Raiffa and 
Schlaiffer (1964). 
The objective approach would require, in general, to 
observe repetitive events to form expectations. In this 
^See, for example. Luce and Raiffa (1957) or Hey (1979). 
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context, as Keynes (1921) argued, probability theory would 
be rarely an interesting way in which to describe the real 
world. A new pasture ecotype, just released from the 
experimental station, has never been tried several times in 
certain specific farm conditions. However, the farmer might 
have very personal expectations about the outcome of 
planting a new pasture. According to the subjective school, 
probabilities are degrees of conviction about the occurrence 
of an event, even a non-repetitive event, given certain 
general knowledge. 
Farmers have an endowment of information and experiences 
that permit them to form expectations with respect to 
stochastic variables and with respect to the way these 
variables might affect the arguments of the utility function 
as a result of a chosen action, within a relevant horizon. 
The formation of expectations depends on the farmer's 
stock of information. This, in turn, depends on certain 
characteristics of human capital, such as schooling, age and 
experience. Human capital variables affect observation and 
interpretation of the overall information that is available 
at the aggregate level. 
As reviewed in Chapter II, small farms in the Amazonia 
are very complex in nature. Decisions in the farm household 
are fundamentally multiperiod. Actions today usually have 
repercussions several periods in the future. This is 
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especially the case with the livestock component of the 
system. The adoption of a new pasture implies relatively 
heavy costs in the first periods and will affect the 
probability distribution of net returns for several periods 
in the horizon (Riesco and Sere, 1986). It will be assumed 
in this study that today decisions affect future decisions 
depending on the fixity of the changes involved. 
Long term multiperiod models have been frequently 
suggested by economists since Hicks (1946). However, we 
agree with Modigliani (1952) that the decision problem of 
the farm at any point in time is concentrated in choosing 
the best possible move for the first period. The farmer 
considers a multiperiod problem but does not prepare a plan 
of action for the whole planning horizon. The decision maker 
places major emphasis on the first period because of the 
complexity of the system and the corresponding large number 
of possible alternatives, and because of uncertainty about 
states of nature. 
Although, it has been demonstrated that the expected 
utility model describes farm decision making under 
uncertainty better than the classical profit maximization 
framework (Lin et al., 1974; Officer and Halter, 1968), 
there are still critics about the validity of the theory as 
a descriptive, positivistic and normative tool (Schoemaker, 
1982). The expected utility model in the studies of Lin et 
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al. and Officer and Halter predicted riskier behavior than 
that which was observed. 
Kliebenstein et al. (1980) argued that there are other 
goals besides income that need to be considered in modeling 
farmers' decision making. Some studies have taken some of 
these objectives into account by setting a model where 
objectives are maximized in a sequential or lexicographic 
order. Achieving a higher priority goal serves as a 
constraint on goals with successively lower priorities. An 
important group of lexicographic representations are the 
safety-first models (Roy, 1952; Telster, 1955-56; Kataoka, 
1963), where the decision maker's first goal is financial 
security or low probability of suffering a catastrophic 
loss. 
According to safety-first rules, when a farmer learns 
about a technological innovation he concentrates first of 
all on the risk taken. The farmer must first protect 
family's survival and actual income; if the alternative is 
too uncertain he/she prefers the status quo (Boussard and 
Petit, 1967; Roumasset, 1976). 
In the case of a complex crop-shifting cultivation-
livestock system, as is the case with many relatively small 
units in tropical rural areas in Latin America, the crop 
subsystem is often the most important one because of its 
contribution to food and because it is usually the main 
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source of cash for the family. It follows that the farmer's 
first goal must be to insulate his crop subsystem from the 
risk involved in any available technological innovation, and 
from the additional requirements of cash, land and family 
labour for such improvements in the livestock subsystem. 
Attitudes toward risk have been described mathematically 
by the Arrow-Pratt risk aversion coefficient (Arrow, 1974; 
Pratt, 1964) which relates to the functional form of the 
utility function. In sequential optimization models, an 
additional personal attitude toward risk may be embodied in 
the level of thresholds imposed by the decision maker. It 
will be assumed that these personal attributes are a 
function of human capital variables and wealth. 
The expected utility function may be simplified as 
follows 
V = EC U(G) ; 1(H), A(H)] (3.1) 
where E[.] represents a function of expectations formation; 
U(.), the utility function; G, the net present value of 
profits; A, a function of goals of higher priority than 
profits; and I, the stock of information that depends on 
the vector H of human capital variables and the level of 
technical assistance. In this function, G is the stochastic 
variable. 
Other constraints also enter the model. These relates to 
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resource endowment and technology. 
Resource Stock 
Constraints may be classified according to the time and 
effort required for relaxing them. This idea has given 
origin to the definition of asset fixity in production 
theory. Decisions about method of production, which include 
decisions about adoption of new practices, may involve 
medium or short run changes according to the degree of 
fixity of the technical elements under analysis. The 
decision of having cows of certain breed, or the decision of 
having certain type of pastures, are examples of medium term 
decisions; while using supplements or herbicides are 
examples of short run decisions. 
In contrast, human capital variables may be considered 
fixed for the long run. This is the case of formal 
education and experience gained in other regions. As 
described in 3.1, expectation formation depends on the 
farmer's information set, which in turn depends on human 
capital variables. The effect of formal education on 
production has been theoretically divided in two parts by 
Welch (1970): the worker effect and the allocative effect. 
The first part refers to the impact of human capital on 
technical efficiency; the second part is the effect on the 
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ability to acquire and interpret information efficiently. 
Nelson and Phelps (1966) hypothesized that the diffusion of 
technical innovations is positively related to education 
level. Supporting such hypothesis, Huffman (1974) using 
cross-sectional data about U. S. farmers found that formal 
education augmented their allocative ability; more educated 
farmers were faster to respond to desequilibria created by 
new information related to technology and markets. Similar 
results were found in other studies (Petzel, 1978; Huffman, 
1977; Wozniak, 1984). 
These results differ with similar studies about 
multioutput farms in developing countries where the effect 
of formal education on adoption of new practices was found 
non-significant (Mangahas, 1970; Kalirajan and Shand, 1985). 
Family labor is another quasi-fixed factor of production 
relevant in farm decision making. This is specially 
important in Amazonian frontier lands. Traditionally, 
jungle land has been cleared by slash and burn technique, 
which is labor-intensive. Cropping is also a 
labor-demanding activity, especially for weed control and 
harvest. Shifting cultivation (see Chapter II) require the 
clearing of five or more years old secondary vegetation, 
which again is labor-intensive. Finally, maintenance of 
pastures and fences also demand labor. On the other hand, 
labor supply is relatively low in frontier lands. 
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Population density is less than two inhabitants per square 
kilometer in the Peruvian lowland Amazonia; although it is 
about 4.2 inhabitants per square kilometer in the Pucallpa 
region (Ferrando, 1985). Such features point to the 
significant value of family labor for economic decisions in 
multiproduct farms in the region. 
Wealth is a constraint that can be partly expressed in 
term of size of operation. In turn, size may be defined in 
terms of total land area in possession or number of cattle. 
As will be expanded in next chapters, area of pastures and 
crops is a better measure of size than total land area, 
because there are not property rights on land that has not 
been developed. Size of the reproductive herd is probably 
the most important proxy for wealth for farms in the domain, 
given that credit reserves and liquidity depend on cattle 
numbers. The improvement of pastures and the introduction 
of new cattle breeds are medium term decisions; thus, they 
are assumed fixed only when solving short run problems. 
Technology 
Multioutput farms present several complications for an 
appropriate specification of the technological constraint. 
One of them is the existence of a relatively high number of 
farms with corner solutions in one or several products. This 
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problem is frequently ignored in empirical studies on 
multioutput production functions using survey data. 
Problems of estimation that arise in this case will be 
described in Chapter IV. 
The specification of the multioutput function confronts 
another complication. Beef and milk in dual purpose farms 
are technically joint products; i.e., the production process 
is not separable in beef and milk. For a given vector of 
inputs, an increase in one product affect directly the 
other. Both dependent variables are included in each 
response function. This interaction may be expressed 
mathematically as follows: 
where Y(Z) is the producible output set given the input 
vector, Z; y^^ and y g are beef and milk output variables, 
respectively; and T is the production possibilities set 
given actual technological knowledge. On the other hand, 
the input requirement set, Z(Y), could be defined as 
follows: 
Y(z) = [ (yj^,y2) : (ZfYifYg) e T ] (3.2) 
Z(Y) = [Z : f(y^,y2,Z)£0] (3.3) 
where f(.) embodies the joint technology functional form. 
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The implicit production function has the usual neoclassical 
properties. 
The interrelation with crops is different. Livestock 
and crop products are not technically joint, but they are 
related through constrained allocable inputs, such as labor. 
Data related to allocation of these factors are generally 
difficult to obtain. However, it may be possible to use 
information about total.available resources in the farm, and 
include it into the response functions. In such a case, 
livestock and crop functions will be linked together through 
these common factors^. A change in the endowment of the 
linking factors will affect both types of output. The input 
requirement set, Z(Y), can be expressed as follows; 
Z(Y) = [Z : Zj^+Zj+ZjT f(y2^»y2»Zj^,Z2)^0; 
g(y3,Z3)_<0] (3.4) 
where the subscripts, 1, 2 and 3, stand for beef, milk and 
crops, respectively; g(.) is the implicit crop production 
function. 
^Production in these conditions is usually called 
non-joint in inputs (Chambers, 1988). 
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Farm Decision Models 
As described in Chapter II, farms in the Peruvian 
Amazonia are multioutput firms. Farmers make decision 
related to economic activities, demand for variable inputs, 
and level of medium term factors of production. 
The decision model is built upon the expected utility 
theory, using the theoretical concept of perceptual 
processing in psychology.^ The adoption of techniques, for 
example, depends on a personal assessment of an objective 
function, given expectations (or perceptions) about the 
performance of the techniques in terms of the arguments of 
the objective function, and subject to resource and 
technology constraints. 
The classification of production decisions into short 
and medium term helps to understand the sequence, 
conditionality and interrelations that exist in the process 
of adoption of technology. An appropriate model 
specification must include these characteristics, or must 
be able to test their existence. 
Decisions made by cattle farmers in a sequential form 
^The unconscious inference theory considers that prior 
knowledge, past experience, and processing strategies affect 
perceptual processing (Haber, 1985). 
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are illustrated in Figure 3.1. The argument is similar to 
that presented by Antle and Hatchett (1986) related to 
intermediate input decisions. The decision to milk or not 
is a short run decision, and is conditional to medium run 
decisions, i.e., planting an association and having crossbred 
cows. It may be assumed in this model that the cropping 
decision is made earlier than the milking decision; it may 
be argued that annual cropping enters the farmer's plan well 
ahead relative to milking and that plan is not easily 
changed, given the importance of this activity for 
subsistence. These previous decisions are assumed 
independent between themselves. On the other hand, the 
decision of using supplements or not would be conditional to 
milking and to the medium run decisions. This type of causal 
relationships in only one direction would allow us to 
specify a recursive model that is easy to estimate. 
Nevertheless, the relationship between decisions may 
involve interactions that make the model complex. Figure 
3.2 illustrates a relationship between production decisions, 
some of which interact. Milking and using supplements are 
decisions assumed now to be made simultaneously. Similarly, 
it is assumed that planting an association grass-legume and 
having crossbred cows are decisions that depend on each 
other. Annual cropping is, in this case, likely to be 
decided concurrently with milking. It could be argued, for 
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Figure 3.1 Recursive farm decisions model. 
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Figure 3.2 Interactive farm decisions model. 
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instance, that markets are very unstable in the region, so 
that rational producers are prepared for short run changes. 
The decision path is related to the dynamics of 
production. Endowment stocks are changing with time and 
decisions are reformulated periodically according to new 
information and perceptions. The problem may be defined as 
maximizing Equation (3.1), but in a sequential manner. 
For short run decisions, the general form of the 
expected utility function is; 
where Y, X, P and W are vectors of outputs, variable inputs, 
output prices and input prices, respectively; y^^, y^ and y^ 
are beef, milk and crop outputs; and Xg are vectors of 
allocations of the variable inputs X to livestock and crop 
production, respectively; and are vectors of 
allocations of medium run factors of production Z to 
livestock and crop production, respectively; H is a vector 
representing human capital endowment; and e and v are random 
elements of the technology. It is assumed that for short 
run decisions, such as mineral and energy supplementation, 
only short run profits are taken into account. The optimum 
.(3.5) 
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solution for the short run decisions would be: 
X*= X(P,W,Z,H,u) (3.6) 
Thus, the demand for a variable factor of production 
will be a function of relative prices, medium terra 
quasi-fixed factors, and human capital variables. 
For medium term decisions, the expected utility function 
will take the form: 
V(P,W,Z,H)= Max/ECU(P'Y-W'X-R'Z)]:f(y. ,y, ,Xi ,2^ ,H,e )<0; 
2 I ^t *t ^t It t~ 
g(y- ,X- ,Z. ,H,v )_<0; Z. +Z_ <Z ; X =X(P,W,Z); 
Jt t "L t t"* t t 
Z ,<Z +h(X ,Z ) for all t^ (3.7) 
t+l— t t t J 
where W and P are vectors of discounted relative prices; 
X^(.) represents decision rules for future optimal input use 
conditional on Z; R is a vector of discounted costs involved 
in increasing de level of medium run factors. The last set 
of constraints represents the state equations, where h(.) is 
a net reproduction (or depreciation) relationship. 
For the purpose of this study, it is not necessary to 
define all first order conditions in detail, but the first 
period decisions. As stated before, it is assumed that the 
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farmer solves a multiperiod problem, but is primarily 
interested in the first move. Tesfatsion (1980) found that 
assuming myopic optimization when modeling farmers' behavior 
might seem an oversimplification, but turns out to be a good 
approximation. This assumption is especially relevant in an 
environment like the Amazonia where migrants face a high 
degree of uncertainty. 
In general, the optimal solution for medium run 
decisions would be: 
Z* = Z(P,W,R,H,u) (3.10) 
where u is a vector of random and unspecified factors. 
Medium run decisions depend on human capital and other 
quasi-fixed and exogenous factors. 
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CHAPTER IV. ECONOMETRIC MODELS 
In the present chapter, econometric models are developed 
for testing the following hypotheses; a) Human capital 
variables are fundamental factors for adoption decisions 
related to the farming systems in the Amazonia; b) decisions 
that are grouped in the same category according to flexibility 
are made simultaneously; c) terms of trade or location of 
farms affect the intensification of the systems respect to 
land; and d) there are trade-offs between beef, milk, crops 
and off-farm activities: policies affecting one activity 
will necessarily affect the others. 
The Adoption Decision 
Following Schultz (1975), adoption may be defined as the 
degree of use of a new technology by farmers when there is 
disequilibrium caused by a change in available information. 
Ceiling adoption rates refer to the degree of use in the 
long-run equilibrium when farmers have full information 
about the technology and its potential. The rate of change 
in the level of adoption is called diffusion process. This 
process may be observed at the farm level (intrafirm) or at 
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the aggregate level (interfirm) according to Stoneman (1981) 
and Mansfield (1963). 
Under these definitions, adoption is a continuous 
variable, censored at zero. The adoption of a particular 
cattle breed could be expressed in terms of number of cows 
of that type; the adoption of an improved pasture, in terms 
of hectares planted with that kind of forage; and so on. 
Very often, a group of farmers may still prefer not to adopt 
the new technique at all. 
Many studies have worked with dichotomous data about 
adoption. This approach is appropriate when the innovations 
are non-divisible in nature. Although, it has been used 
when there are data limitations for defining a suitable 
continuous adoption variable. 
In the case of dichotomous adoption decisions, the 
criterion specified in the objective function is used to 
compare adoption vs. non-adoption. Mercier (1988) stated a 
model of profit maximization in her study about adoption of 
a microcomputer and computer services by Iowa farmers. Rahm 
and Huffman (1984) assumed expected utility maximization for 
decisions about the use of reduced tillage in Iowa. 
Instead, Zepeda (1988) defines an objective function for 
dairy farmers in terms of present value of profits. 
In our case, farmers are assumed to choose the 
technology that gives them the largest expected utility of 
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net present value, defined at 3.1. Therefore 
D .= 
X  
D 0  otherwise (4.1) 
where D is a dichotomous variable equal to one if the ith 
farmer has adopted the new technology; and are 
farmer's expected utility estimated for non-adoption and 
adoption, respectively. All V-values are non-observable, 
but an ex post observation of behaviour would indicate which 
of the possible alternatives attained the highest expected 
utility value for that particular farmer. is the 
differential expected utility due to adopting alternative 1. 
The expected utility function, equation 3.1, is a 
mathematical relationship; but very little can be said about 
its functional form. The proper way to confront the problem 
is by assuming a flexible functional form and allowing data 
to depict the characteristics of the function. 
Let us suppose, for simplicity, that equation 3.1 is 
linear. Then a producer, i, within the population in the 
domain would have the following expected utility: 
(4.2) 
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where subscript j represents the alternative under 
evaluation; Z, a vector of characteristics of the farm and 
human capital variables; and, e is the disturbance which 
includes the effect of unobserved factors. 
is a vector of coefficients indicating the marginal 
contribution of the characteristics of the farm and the 
farmer to expected utility of using alternative j. 
Using (4.1), define Vij* for certain alternative 1: 
Redefining variables and coefficients. Equation 4.3 may be 
specified as follows: 
where vector 6 represents the difference, in terms of 
marginal utility of resource endowments, between choosing 
alternative 1 and not doing so. For the example, if the 
coefficient & that corresponds to schooling is positive, 
then 0 1 > 0,; that is, marginal utility of schooling is 
higher when the innovation is used than when it is not. 
Some studies have used ordinary least squares (OLS) for 
estimating the quantitative importance of various 
explanatory variables for a dichotomous adoption dependent 
Vii* = (Bi-Gg) Zi + (Gil- eig) (4.3) 
Vii* = *1 Zi + Uii (4.4) 
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variable (Colmenares, 1976; Cutie, 1976). OLS coefficient 
estimates for this type of problem are inefficient, and when 
prediction is interpreted as probability that the event will 
occur, there are predicted observations lying outside the 
limits (0,1).^ 
The econometric model expressed in probabilities is; 
Prob[D.= 1] = Prob[u.>-Z'5] 
1 1 
= 1-F(-Z'6) = F(Z'«) (4.5) 
where F is the cumulative distribution function of u 
evaluated at Z'6. When the random errors are independently, 
normally and identically distributed the model is called 
Probit. The coefficients may be estimated maximizing the 
2 
corresponding likelihood function. 
The marginal change in the probability of adoption of 
certain innovation defined as a dichotomous dependent 
variable due to changes in a given input is 
3 $ (Z'6) = *(Z'«) (4.6) 
3 z 
^See, for example, Nerlove and Press, 1973. 
^Maddala, 1983. 
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where $(.) and *(.) refer to the distribution function and 
the density function, respectively, of the standard normal. 
Notice that the predicted marginal change is conditional on 
the level of vector Z. 
Obviously, a Probit model is also applicable to other 
dichotomous decisions such as participation in economic 
activities; for example, cropping, milking and off-farm work 
are main activities to be considered in cattle farms in the 
region. It may be assumed, as in the case of adoption of 
innovations, that expected utility level is the final 
criterion for choice. However, off-farm work participation 
has usually been framed in models where the choice is made 
by comparing the farmer's reservation wage or marginal value 
of his/her marginal value of time with the wage offered in 
the market, which is conditional to human capital variables 
(Huffman and Lange, 1988; Sumner, 1982; Tockle, 1988). 
Input Demands 
While trial is an important first step for intrafirm 
diffusion of a new technique, knowledge about level or 
intensity in the use of an input seems more relevant for 
policy purposes than the simple adoption-non adoption 
information. 
As described in Chapter III, adoption decisions within 
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an expected utility framework may involve corner solutions 
which causes input demand to be continuous but censored at 
zero level. The frequency of farms with corner solutions is 
especially important in case of recently released 
innovations (see descriptive results in Chapter V). The 
use^ of OLS for estimation of the adoption functions has been 
done before (Cutie, 1976), but bias may be large when the 
proportion of observations on the boundary is high. 
The extent of censored data is explained by the 
mechanisms of decision making expressed as first order 
conditions in 3.9. The rule is that whenever L(P,W,H,u)£0 
then Z*^0 , and because of non-negativity constraints, the 
observed dependent variable Z is set to zero. In the 
econometric literature Z*(P,W,H,u) is called latent random 
variable because it is not directly observable. Randomness 
is given by u, assumed to be independently, identically and 
normally distributed with mean zero and a common variance 
2 0 . These characteristics identify the model as a Tobit 
structure (Tobin, 1958; Goldberger, 1964) which, using a 
linear form, may be summarized as follows: 
Z *= H '« + u 
i i i 
Z. * if Z,*>0 
1 i 
V (4.7) 
0 otherwise 
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Maximum likelihood estimation methods may be used to 
estimate the parameters of 4.7, for the following 
probability specification; 
Prob[Z.>0] = Prob[ H.*6 + u, > 0 ] 
X  1 1  
= Prob[ u. > -H.'s ] = F[H.'g] (4.8) 
11 1 
The likelihood function to be maximized will be a product of 
density functions for observations above zero (adopters), 
times a product of cumulative functions for corner 
solutions (non-adopters). The coefficient estimates 
correspond to marginal changes in the latent variable Z*. 
But in order to calculate marginal changes in the observed 
input demand, predicted Z must be defined first.^ For the 
case of adopters, the expected new input demand is; 
E[Z. ; Z. >0] = H. '5 + EC u. ; u. > -H. *6 ] 
1 1  1  1 1 1  
= '« +0 (<>^A^ ) (4.9) 
where density and cumulative functions are calculated at H. 
values. For all farmers in the sample (current adopters and 
^See, for example, Maddala (1983). 
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non-adopters), the expected new input demand is; 
ECZ.] = $ ECZ.; Z.*>0] (4.10) 
1 11 
Therefore, the marginal changes on observed input demand are: 
3 E [Z.: Z.*>0] = [ 1 - H'(*./$.) - ($./$.)2 ] (4.11) 
11 11 11 
3 H 
And marginal changes of input demand for all farms is; 
3 E [Z.] = $.6 (4.12) 
1 1 
3 H 
From these expressions, the corresponding input elasticities 
are readily obtainable. 
Simultaneous Adoption Model 
As indicated in Chapter III, farmers decisions are 
likely to be simultaneously determined. Nevertheless, 
farmers decisions may be assessed according to fixity of the 
factors involved. How fast may a farmer change type of 
pastures or quality of herd? How fast can the farmer start 
or stop supplementing minerals to cattle? The 
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classification of decisions according to fixity translates 
into a system of equations that are block recursive in 
nature. 
Consider the following general model: 
X + B Z + D 
s s 
H = U 
B Z + 
m °m « 
= U 
m 
(4.13) 
(4.14) 
where X is a (g*l) vector of variable factor use; Z is a 
(j*l) vector of quasi-fixed factor level; H is a (h*l) 
vector of human capital and other fixed factors considered 
exogenous to the system; , B^ and D^, are matrices of 
coefficients for the first subsystem, while B and D are 
•' mm
matrices of coefficients for the second subsystem. U and U 
s m 
are vectors of independent disturbances. The subsystem 4.13 
represents short term decisions, and subsystem 4.14, medium 
term decisions. The block 4.14 may be estimated first, 
conditional on H only. Then, the subsystem 4.13 may be 
estimated conditionally on Z and H. 
Some elements of X and Z are latent endogenous variables 
corresponding to censored variables of the nature described 
before. The specification is similar to the model presented 
by Nelson and Olson (1978). 
In case of two short term and two medium term decisions. 
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the following structural model may be specified: 
= *12X2 + bllZl + ^ 2^2 + ^1» + "1 (4.15) 
*2*= *21*1 + ^ 21^1 + *22:2 + =2» + «^2 (4'IG) 
Xg* if Xg > 0 
Xg = < (4.17) 
0 otherwise 
^1 = ^32^2 + °3« + ^ 3 (4.18) 
Z2*= + c^H + U4 (4.19) 
Zg* if Z2*> 0 
Zj = ^  (4.20) 
0 otherwise 
where the asterisks denote unobserved latent variables. 
The system is block recursive since equations 4.18 and 4.19 
are self-contained. 
The corresponding reduced form equations are: 
Zi = n^H + (4.21) 
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Z2*= ngH + Vj (4.22) 
Xi = n^H + Vg (4.23) 
X2*= n^H + (4.24) 
^2 = 
^2 = 
Zg* if Z* > 0 
0 otherwise 
Xg* if X2*> 0 
0 otherwise 
where 
12 = (l/k2) [b4lC3+=4] 
I3 ~ [(^12^21*^11)(^32^4*^3) * 
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^^21^12"^^22^ ^ ^41*^3'''®4^ (^^l°2+°l) ^ 2^ 
for kj^= ^^"^12^21^ k^= (l-bggbai)' 
It must be stressed that the magnitude of preference for 
an innovation is one key reason for using the latent 
variable form in the system. In this way, level of 
disutility of farmers with corner solutions regarding the 
use of certain input would affect the demand for other 
factors. Thus, it is important to know how far below the 
corner the solution would be. 
The reduced form is estimated directly. OLS is 
appropriate to estimate the coefficients of equations 4.21 
and 4.23; while single Tobit maximum likelihood estimation 
is appropriate to solve equations 4.22 and 4.24. 
The problem of direct estimation of the structural model 
is the correlation between endogenous explanatory variables 
and the disturbances. The estimated coefficients would be 
biased and inconsistent. The structural coefficients may be 
estimated using a two-stage Tobit maximum likelihood 
technique, similar to that proposed by Nelson and Olson 
(1978). This technique is applicable to equations which are 
exactly identified or overidentified. The method consists 
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in obtaining predicted values for endogenous variables from 
the reduced model. Thus; 
In a second stage, these predicted values are 
used as instruments instead of the corresponding crude 
values, in order to estimate the structural coefficients 
given in equations 4.15 to 4.20. The equations to estimate 
in the second stage would, then, be; 
Xi = Eg'H 
(4.25) 
(4.26) 
otherwise 
(4.27) 
0 
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(4.28) 
(4.29) 
if Z2*> 0 
(4.30) 
0 otherwise 
It is assumed that predicted values are asymptotically 
purged of the stochastic element. Therefore, single 
equation estimation methods may be used again in the second 
stage. 
Going back to the time frame analysis of the decision 
model, it is obvious that today's level of a medium term 
fixed factor of production is the outcome of a decision made 
several periods ago. For example, the grazing area of 
brachiaria that the farm has at survey time was planted at 
least one year ago. That is, current level of brachiaria 
corresponds to lagged decisions as opposed to short term 
decisions like supplementing mineral to the herd. 
It may be assumed that short term decisions are 
conditional to lagged medium term decisions and exogenous 
human capital variables. In turn, medium term decisions are 
conditional to human capital variables. The phase gap 
between different type of decisions might reduce problems of 
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correlation common to totally simultaneous equation models. 
In other words, simultaneity may be accounted for only 
within contemporaneous blocks. 
A derivation of the asymptotic variance-covariance 
matrix for a two-stage limited dependent variable model is 
found in Amemiya (1976). 
Nelson and Olson (1978) use a small simulation 
experiment to demonstrate that standard error approximations 
obtained in the second stage present an upward bias. Using 
a different approach to the same type of problem, Heckman 
(1979)^ claimed that coefficient standard errors obtained 
from his adjusted variance-covariance matrix are larger than 
those obtained directly. However, Greene (1981) shows that 
this statement does not always hold, or that the usual 
standard errors are not necessarily lower bounds of the true 
standard errors. 
Given the relative low cost of using standard errors 
from the second stage of the 2SLDV estimation relative to 
Amemiya's asymptotic estimates, and the tendency of the 
former to produce estimates larger than the latter, the 
^Heckman (1979) treats censoring as a specification 
error which he eliminates in a two-stage least squares 
estimation. He uses expression 4.9 plus a random 
disturbance in the second step. 
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unadjusted standard errors will be used here as 
approximations to the true dispersion values. 
Supply Response Function 
As explained in Chapter III, milk and beef production 
are technically joint products. Milk is measured in total 
liters of milk produced while beef production is measured in 
liveweight gain of young stock. However, due to the nature 
of data collection, there is a time gap between both 
production variables; while milk output data corresponds to 
the day of the survey, liveweight gain has been calculated 
based on the information about slaughter age and weight of 
cattle sold during the previous year. Although simultaneity 
may still be present, the phase gap must be taken into 
account in the interpretation of the results. 
Conditional functions 
Ignoring simultaneity in the supply submodel would allow 
us to estimate the supply response functions separately. 
Milk output is censored at zero. Censoring is a 
producer's decision, similar to the case of input demand. 
The bias originated by this process is corrected by 
specifying a Tobit type model with latent milk production 
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(Yg) as follows: 
^2*= ^2* + ^ 2^ + ^ =2" + ^ 2^1 + ®2 (4.31) 
Yg* if y2*>0 
(4.32) 
0 Otherwise 
Where X, Z and H are variable, quasi-fixed and human capital 
factors. The latent variable yg* must not be interpreted as 
potential milk production, because in such a case, the mere 
existence of a potential for producing milk would be 
sufficient condition for producing milk. In fact, farms 
often have potential for milk production but still farmers 
may not be willing to produce any milk for reasons captured 
probably by human capital variables. Instead, y^ represents 
potential supply response that depends on the economic 
behavior of producers. In other words, y^ theoretically 
comes from solving the expected utility maximization model 
(Chapter III). 
In case of beef output, apart from the lagged nature of 
liveweight gain information, there is a "non-response" type 
of problem. An important cause of incomplete data about 
liveweight gain is that a significant share of farms did 
not have sales during the previous year. This does not mean 
61 
that liveweight gain was zero during that period, but rather 
that there is not basic information available for 
calculating beef production in those farms. Thus, although 
sales were zero, liveweight gain must have been greater than 
zero. The nature of this censoring problem is different 
from that of the corner solution reviewed before. 
Several factors may explain why a group of farmers have 
not sent animals to the market during the previous year. 
For example, herd size, liveweight gain itself, birth and 
mortality rates, alternative sources of income, current and 
expected relative prices and random liquidity needs.^ Since 
these are systematic differences between farmers who sold 
young stock the previous year and those who did not, the 
methods of estimation that ignore this censoring mechanism 
are subject to bias. 
Conditional total liveweight gain might be modeled as 
follows ; 
y^*=  a^X + b^Z + c^H + d^yg + e^ (4.33) 
otherwise. 
(4.34) 
^An economic analysis of livestock sales decisions may 
be found in Sands (1984). 
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where is observed censored liveweight gain; t is the 
minimum beef production that a farm must have for being able 
to sell at least one animal per yearly y^ is a latent 
endogenous variable representing the true liveweight gain; 
X, Z and H are defined above; e^ is a random disturbance 
assumed independently, normally distributed. 
Although data about liveweight gain is not available 
below the threshold t, there remains all information related 
to explanatory variables for those observations. 
Estimation of the beef function can be done using a 
maximum likelihood Tobit model. The probability that a farm 
has information about liveweight gain is; 
ProbC y^*>t ] = ProbC a^X + h^Z + c^^H + > t ] 
= Prob[ e^ > t - aj^X - b^Z - Cj^H ] 
Expected value and marginal changes may be obtained as 
before. 
Annual crop production was not recorded because the 
survey was carried out before harvest time. However, 
^Further analysis may lead us to a more complex model 
where threshold t is stochastic (see for example Nelson, 
1977). 
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information about total area sown with annual crops was 
available. Total crop area is used as a proxy for annual 
crop production, assuming that crop technology in farms of 
the domain is similar. Given that observations in the study 
refer to cattle farms, there is an important proportion of 
them with corner solutions regarding crop production. 
Simultaneous functions 
A set of simultaneous equations has been set for the 
production submodel. As previously explained, milk and beef 
are joint outputs; these in turn are non-joint in inputs 
with respect to crop output. It is then expected that 
ignoring simultaneity might produce simultaneous equation 
bias. The appropriate estimation approach follows 
closely the simultaneous adoption submodel described for the 
input demand model. In this case, since all three output 
variables are censored a two-stage Tobit estimation was 
used. 
Assessment of different specifications will be done by 
comparing estimated coefficient signs with what is expected 
according to prior knowledge. Nelson and Olson (1978) found 
important discrepancies between conditional and simultaneous 
equation models in problems where some endogenous variables 
were limited. 
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CHAPTER V. THE DATA 
This chapter consists of two parts: an account of the 
survey procedure, and a description of general results from 
the survey. The structure of the farming systems and the 
information set of farmers in the domain are the main 
ingredients of the summary results presented in this 
chapter. 
The Survey 
Original sample frame 
Given that the main objective of this study is the 
analysis of pastures and livestock practices, farms without 
cattle have not been included in the survey. The importance 
of livestock in the lowlands of the Amazon Basin has been 
described in Chapter II. 
The survey was intended to cover 200 first-row-farmers 
along 213 kilometers of road in the Pucallpa region: an area 
under direct influence of IVITA's Tropical Research Station 
(Figure 5.1). As explained in Chapter II, producers settle 
primarily along the main roads. Subsequently, new settlers 
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Figure 5.1 Geographical location of the sample frame and of 
IVITA's Tropical Research Station. 
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occupy areas of forest that are behind the first row, 
usually two or three kilometers away from the main road. 
Most second-row-farmers are not cattle farmers yet; besides, 
access to these is not easy. In consequence, only 
first-row-farmers were included in the sample frame. 
Considering an average density of eight farms per 
kilometer of road the population of farmers in this area 
would be around 1700 first-row-producers. Recall that 
almost 42 percent of total farms in lowland Amazonia have a 
cattle component according to ENAHR (Peru, 1986). Such a 
proportion is independent of farms location in space. 
However, cattle farms are located close to the roads because 
they are older farms and have evolved, according to the 
description given in Chapter II, from forest to annual crops 
arid secondary vegetation, and finally, permanent pastures. 
Furthermore, according to information from extension staff 
in the area it is clear that a priority goal for cropping 
farmers is to sow pastures and buy cattle as soon as enough 
savings or credit reserves become available. Therefore, 
area of pastures develops closer to the roads while shifting 
cultivation agriculture is pushed deeper into the forest. 
Taking these points into consideration, it was assumed that 
between 1300 and 1400 cattle producers are settled within 
the imposed geographical boundaries of the domain. The 
planned sample size, then, would represent about 15 percent 
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of the population defined in the domain of this study. 
Using information from the Regional Office of the 
Ministry of Agriculture, it was found that more than 96 
percent of the cattle farms in the region had less than 100 
cows (Riesco, 1980). In a more recent national survey 
-ENAHR-, it was found that in the Pucallpa region the 
average number of cows per farm was only between 5 and 6 
(Peru, 1986). The very few farms that have more than one 
hundred cows tend to be single-output farms producing only 
beef; except in the case of state owned enterprises where 
part of the herd is dual purpose cattle. These farms were 
excluded from the sample frame. 
As explained in Chapter II, there is not much 
variability in terms of temperature and daylight hours in 
the region, but the probability of rain any day from May to 
August is less than during the rest of the year. This 
pattern of rainfall induces seasonality of annual cropping 
chores and of net availability of energy from pastures. It 
does not seem to be causing any significant bias in the year 
around pattern of milk production in small farms 
(IVITA, 1989b). Thus, given the relatively homogeneous 
distribution of milking activity throughout the year, a 
decision was made to conduct the survey any time during the 
cropping season (from September to March) in order to have 
an accurate recording of cropping areas. 
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Official lists of farmers, including size and location 
of the farms, are useful tools for sample selection. 
However, possession and size of farms change continuously in 
frontier lands such as the Amazonian. As a consequence, 
official lists are often outdated. This was the case in 
Pucallpa. 
Area and productivity of land are important social 
issues for policy design related to the development of the 
Amazon Basin. Accordingly, the importance of area of farms 
had to be taken into consideration when selecting the 
sample. A simple random sampling, based on a list of 
producers, would have given equal selection probabilities 
for all farms in the domain, irrespective of the area in 
possession. Instead, in order to take account of the 
importance of decisions about land a geographically random 
sampling was chosen. This selection process would give to 
each farm a selection probability that is proportional to 
size. 
Chronology 
The original sample frame was designed on the basis of 
available information about the region (Peru, 1986; IVITA, 
1989a and 1989b), and previous research made by the author 
in the Peruvian Amazonia (Riesco, 1980; Riesco et al« 1982) 
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Further discussion took place in CIAT's headquarters in 
Cali, Colombia. CIAT has a joint venture with IVITA, Peru, 
to develop new pasture ecotypes and management practices 
that would eventually help to increase productivity in 
cattle farms in Amazon Basin.^ Several drafts of the 
questionnaire were discussed. 
The instrument was pre-tested among a small group of 
farmers in Pucallpa, at the begining of November, 1988. 
After a few corrections the final version was a ready and 
the survey was carried out from November to December, 1988. 
Four graduating Agronomy and Animal Science students of 
the Universidad de Ucayali, Pucallpa, worked as interviewers 
for the survey. Previously, they received a short training 
at IVITA Research Station about methods of quick pasture 
assessment, and other issues in the questionnaire. A rural 
extension staff member well known in the area joined the 
interviewing group to provide logistic support. 
Towards the end of 1988, Tupac Amaru and Shining Path 
guerilla groups were moving towards the lowland Peruvian 
Amazonia. The population knew about their activism and 
terrorist actions in the region. For security reasons the 
sample frame was reduced to 145 kilometers of roads (see 
Figure 5.1). Furthermore, these political circumstances 
^CIAT partially supported the field work. 
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made the farmers especially distrustful about strangers, so 
that the inclusion of the extension staff member was crucial 
for the success of the survey. 
The procedure was as follows: (a) the extension staff 
member and the author selected the sample; (b) the 
extension staff member set appointments with the farmers 
themselves for interviews, one or two days in advance; (c) 
the interviews followed the agenda of appointments; (d) the 
author checked the questionnaires for inconsistencies and 
incomplete answers; (e) interviewers went back to correct or 
complete questionnaires when needed. 
Given the security restrictions imposed on the survey 
work only 128 farmers were interviewed. 
The questionnaire 
The visit to farmers was divided in two parts: a 
face-to-face structured interview and an inspection of 
pasture grounds and livestock. 
The question-and-answer part included the following 
sections: general identification and location of the farm; 
education, experience and age of the farmer; some historical 
information about livestock and pastures in the farm; actual 
land allocation; perceptions about using forage legumes; 
livestock number, type and flows; availability of labor and 
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participation in off-farm activities; credit use; input use 
and perceptions about it; milk production and perceptions 
about milking; and beef output and age to slaughter. 
The inspection of the pasture grounds consisted in 
walking through the plots and drawing a sketch comprising 
area, quality and age of pastures. The inspection also 
consisted of checking type of cattle. Special attention was 
paid to the proportion of brachiaria and kudzu an the 
grasslands. 
The questionnaire was prepared to be answered by the 
owner. However, in a few cases the owner needed the 
assistance of another person at the farm to answer all 
questions. This was the case of some relatively large farms 
where an operator other than the owner was in charge of 
technical decisions. Each interview lasted approximately 
three hours, including the field inspection. 
Some Descriptive Results 
Size distribution 
There are several ways to define size of farms. A common 
way is in terms of total land area; however, when land 
prices are relatively low or when property rights to land 
are not automatically guaranteed, as is the case of frontier 
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lands, total land area is not a very useful measure. 
The sample mean for size in terms of total area is 68.4 
ha with a coefficient of variation (c. v.) of 75.6 %. Since 
some farmers have two or more separated pieces of land; the 
following rule was followed in the survey: if the plots 
were not more than 20 km apart from one another, then they 
are considered as one unit. 
A more restrictive definition of size is one considering 
only area of pastures. The presence of pastures improves 
substantially the value of land in the area, and it becomes 
an important consideration to define land possession. 
The sample mean for size in terms of area of pastures is 
28.1 % with a c. v. of 85 %. The first quartile considers 
farms under 13 ha of pastures and the third quartile, farms 
under 35 ha. In other words, while 75 % of the farms have 
less than 35 ha, the other 25 % have between 35 and 141 ha, 
which is the maximum found in the sample. This is a 
reflection of an actually more severe inequality in farm 
size distribution, given that the sample frame is bounded by 
herd size of 100 cows. 
Size of farm has more variability when it is defined in 
terms of number of cattle, since it is even more restrictive 
than area of pastures. The sample mean is 25.1 cattle with 
a c. V. of 97 %. About 75 % of the farms have less than 37 
cattle while the other 25 % has between 37 and 120 cattle. 
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Components 
Main farm production activities One third of all 
cattle farms are dual purpose (beef and milk). The other 
two thirds have only beef cattle. On the other hand, almost 
85 % of cattle farms in the area have cropping activities 
(Table 5.1). 
Table 5.1. Frequency of farms according to major farm 
activities. Author's survey, 1989. 
Activities 
Beef 
Beef + crops 
Beef + milk 
Beef + milk + crops 
Number Frequency 
of farms percentage 
16 12.5 
76 59.38 
10 7.81 
26 25.49 
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Table 5.2. Distribution of land area among alternative 
uses. Data in hertares. Author's survey, 
1989. 
Mean 
(ha) 
Standard 
deviation 
Percentage 
Pastures 28.1 2 4 . 0  41.1 
Crops 4.0 4.8 5.8 
Secondary vegetation 15.7 24.3 2 3 . 0  
Forest 14.2 23.6 2 0 . 8  
Others 6.4 9 . 3  
Total 68.4 51.8 1 0 0 . 0  
Use of soil A total area of 8,758 ha were directly 
oberved in the survey. This area was distributed according 
to its actual use as shown in Table 5.2. 
The information of total area is the number actually 
declared by the owner. Most of the area is used for 
pastures (28.1 ha), and only an average of 4 ha is devoted 
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to annual crops. Data about area of pastures have the least 
variability within the sample compared with areas for other 
uses. 
Actual cropping system uses the soil for only one period 
after clearing, because soil fertility decreases too 
rapidly. The area is left in fallow, and a secondary 
vegetation grows. The soil in fallow tends to recover the 
fertility lost in a magnitude directly related to time. The 
ratio of areas between secondary vegetation and cropping may 
indicate the length of the crop-fallow cycle. The ratio of 
3.9 obtained in the sample would imply a five-year cycle, if 
the system were stabilized. However, in average, there are 
14.2 ha of forest that is being reduced annually; and part 
of the area post-crops goes into pastures rather than into 
fallow. 
Crop activities Almost 80 % of the farmers are 
devoting some effort to annual cropping activities. Corn is 
the most frequent crop, followed by rice and cassava (Table 
5.3). 
Total areas of corn, rice, cassava and banana are larger 
than that appearing explicitly in the table because of mixed 
crops which might include some of the former in association 
between them or with permanent crops. 
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Type of pastures Brachiaria decumbens (brachiaria), 
an introduced grass, has become the most frequent pasture in 
the area, followed by natural pastures. As much as 80 % of 
the farms have brachiaria in monoculture, and 36.72 % have 
brachiaria in association with Pueraria phaseoloides 
(kudzu), a legume (Table 5.4). In general, farms which have 
brachiaria in monoculture also have it in association with 
kudzu in some other plot. Related information is that 81.25 
% of the farms have some presence of brachiaria either as 
Table 5.3. Distribution of cropping area within the farms. 
Data in hectares. Author's survey, 1989. 
Mean Standard Percentage 
(ha) deviation 
Corn 1.77 3.17 44.25 
Rice 0.82 2.01 20.5 
Cassava 0.5 0.99 12.5 
Banana 0.18 0.64 4.5 
Others 0.73 18.25 
Total 4.00 4.77 100.00 
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monoculture or associated. 
In case of kudzu, 27.78 % of farms have plots of kudzu 
alone, and 51.12 % have plots of kudzu in association, 
either with brachiaria or with natural grasses. 
Animal component Tables 5.5 and 5.6 show a 
description of the livestock situation. Almost 50 % of the 
cows have at least some European daisy phenotypical 
characteristics (from Holstein or Brown Swiss breeds). 
About 8.8 % of the cows are apparently pure Holstein or 
Brown Swiss. In terms of frequencies, 77.34 % of the farms 
have at least some European-crossbred cows, and 16.41 % have 
at least one animal born from artificial insemination. In 
spite of this, as much as 71.88 % of the farmers are not 
producing milk. 
Pig raising is common in the farms: 44.53 % have pigs. 
However, this activity is mostly for subsistence, along with 
poultry (data not recorded). The average number of sows per 
farm is 1.28. 
Sheep are becoming important for the system: 20.31 % of 
the farms have them. Sheep in the area are mostly of 
tropical breeds, introduced by the regional government since 
1986 under a rotating credit program. 
Table 5.4. Type of pastures found in the farms. Areas, proportion of 
total farm area and frequency of farms where different type 
of pastures are present. Author's survey, 1989. 
Standard Proportion Frequency 
Type of pasture Mean deviation of total of farms 
area where present 
Brachiaria alone 12. 27 14. 08 43. 67 80. 00 
Kudzu alone 3. 47 11. 94 12. 35 27. 78 
Natural grasses 6. 26 10. 44 22. 28 
Associations 5. 48 9. 88 19. 48 51. 12 
Brachiaria + kudzu 3. 02 6. 09 10. 75 36. 72 
Natural grasses + kudzu 2. 37 7. 68 8. 43 21. 09 
Total pastures 28. ,13 23. 96 100. 00 100. 00 
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Table 5.5. Animal inventory in the farms. Average numbers. 
Author's survey, 1989. 
Mean Standard 
deviation 
Total cattle 25.08 24.33 
Cows 12.77 12.36 
crossbred with Holstein or Brown Swiss 5.15 7.66 
apparently pure Holstein or Brown Swiss 1.12 7.12 
white cebu 3.19 4.94 
other breeds 3.06 5.34 
Sows 1.28 2.35 
Total sheep 2.36 6.04 
Total goats 0.27 1.57 
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Table 5.6. Frequency-percentage of farms according to 
different animal production activities. Cattle 
farms, Pucallpa. Author's survey, 1989. 
Producing milk and beef 28.13 
Farms with some Holstein or Brown Swiss phenotype cows 77.34 
Farms with some cattle from artificial insemination 16.41 
Only beef 71.88 
Pigs 44.53 
Sheep 20.31 
Goats 4.69 
Use of inputs 
The presence of certain technical inputs in the farms is 
illustrated in Table 5.7. The farms have been divided 
according to the type of output being produced; beef, milk 
and crops. 
There are three groups of intervention; those related to 
pastures (pasture species, grass-legume associations, 
herbicides and fertilizers), those directly related to the 
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animal component (phosphorus supplementation, energy 
supplementation, crossbred with Holstein or Brown Swiss, 
artificial insemination and antiparasites), and those 
related to crops (use of herbicides and fertilizers in 
crops). 
The most frequent inputs present in cattle farms in 
general were; brachiaria, crossbred cows and external 
parasiticides. The least frequent inputs found in the 
survey were: fertilizers, herbicides and animals from 
artificial insemination. 
Dual purpose farms were found to use inputs related to 
pastures and cattle more often than beef farms: a reflection 
of technical input intensification that comes with milk 
production. 
Beef cattle farms use inputs related to crops more 
frequently than dual purpose cattle farms. The first 
explanation for this fact is the tendency of crop farms to 
invest in beef cattle as soon as possible; most beef cattle 
farms have crops as seen in Table 5.2 above. 
The most important differences in input use between dual 
and beef cattle farms are the presence of animals from 
artificial insemination; use of internal parasiticides and 
phosphorus supplementation. On the other hand, there is 
only a small difference in favor of dual farms for the 
presence of grass-legume associations or the presence of 
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legume alone. 
Cattle farms without crops tend to use relatively more 
inputs related to pastures and livestock; especially animals 
from a. i.; fertilizers allocated to pastures; grass-legume 
associations; and crossbred cows. Energy supplements is an 
exception; farms with crops have larger availability of 
by-products which might be used as supplements. Another 
exception is the presence of brachiaria; almost the same 
proportion of cattle farms have brachiaria irrespective of 
the presence of cropping activities. While we would expect 
farmers with cropping activities to devote less attention to 
the livestock component, and therefore, to the quality of 
pastures; a good quality pasture like brachiaria is often 
planted immediately after an annual crop like corn or rice. 
The crop, in such a case, reduces the net cost of 
establishing new pastures. 
Table 5.8 presents adoption of technical inputs by cattle 
farms subdivided by livestock and crop outputs. In general, 
technical inputs strongly attached to labor (parasiticides, 
herbicides and fertilizers) appear with wider differences in 
adoption between cattle farms with and without crops; 
compared with non labor intensive techniques (use of 
phosphorus supplement). 
Contrary to past findings (Riesco et al., 1982), kudzu 
is not necessarily related to cropping activities anymore. 
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In case of beef cattle farms, the proportion of farms with 
kudzu is even slightly larger when the farms do not have 
crops. 
Human capital 
Experience and labor Table 5.9 shows a summary of 
variables that capture a value related to experience and 
managerial ability of farmers in the sample. Most of the 
farmers (55.36 %) have had previous experience in 
agriculture, with a sample average of 8.69 years. 
Most of the farmers (64.29 %) have had working 
experience in the High Selva region. The period of 
experience in High Selva is also the largest, with an 
average of 10.9 years. As it was said before. High Selva has 
had a longer history than Low Selva; agriculture and dual 
purpose cattle are more intensive in input use in than in 
the region under study (Low Selva). Migration from High 
Selva to the Pucallpa region has increased considerably 
either because of political and coca-related violence, or 
because cattle farming in Pucallpa offers a safer investment 
alternative. 
Only 18.1 % of the farmers have had any technical 
assistance in pastures or in livestock production in the 
area. 
Table 5.7. Use of technical inputs in cattle farms. Frequency of farms with 
presence of selected technical inputs. Farms grouped by type of 
output. Author's survey, 1989. 
Elements of technology Total Beef Dual no crop with crop 
farms purpose activities activities 
Brachiaria 81. 25 79. 35 86. 11 90. 00 84. 62 
Kudzu 60. 94 59. 78 63. 89 73. 08 57. 84 
Grass-legume association 49. 22 48. 91 50. 00 65. 38 45. 10 
Herbicides in pastures 17. 97 11. 96 33. 33 26. 92 15. 69 
Herbicides in crops 12. 50 13. 04 11. 11 0. 00 15. 69 
Fertilizers in pastures 4. 69 2. 17 11. 11 15. 38 1. 96 
Fertilizers in crops 19. 53 20. 65 16. 67 0. 00 23. 53 
Phosphorus supplementation 46. 09 36. 96 69. 44 50. 00 45. 10 
Energy supplementation 32. 81 27. 17 47. 22 30. 77 33. 33 
Crossbred cows 77. 34 69. 57 97. 22 96. 15 72. 55 
Animals from a. i. 16. 41 5. 49 44. 44 36. 00 11. 76 
Anti external-parasites drugs 77. 34 70. 65 94. 44 84. 64 75. 49 
Anti internal-parasites drugs 65. 63 16. 67 83. 33 73. 08 63. 73 
Table 5.8. Frequency of farms with selected technical inputs. Grouped 
Grouped by type of main activity combinations. Author's 
survey, 1989. 
Beef only Dual purpose 
Elements of technology no crops with crops no crops with crops 
Brachiaria 75. 00 80. 26 90. 00 84. 62 
Kudzu 61. 54 56. 58 70. 00 75. 00 
Grass-legume association 68. 75 44. 74 60. 00 46. 15 
Herbicides in pastures 18. 75 10. 53 40. 00 30. 77 
Herbicides in crops 0. 00 15. 79 0. 00 15. 38 
Fertilizers in pastures 6. 25 1. 32 30. 00 3. 89 
Fertilizers in crops 0. 00 23. 68 0. 00 23. 08 
Phosphorus supplementation 37. 50 36. 84 70. 00 69. 23 
Energy supplementation 18. 75 28. 95 50. 00 46. 15 
Crossbred cows 93. 75 64. 47 100. 00 96. 15 
Animals from a. i. 20. 00 2. 63 60. 00 38. 46 
Anti external-parasites drugs 75. 00 69. 74 100. 00 92. 31 
Anti internal-parasites drugs 68. 75 56. 58 80. 00 84. 62 
Table 5.9. Some measures of experience apparently relevant to farmer's 
decisions. 
Variable Mean Standard Presence 
deviation frequency 
(years) (years) (%) 
Age 48.22 1 0 . 6 5  -
Schooling 6.82 3 . 4 0  -
Time of possession of farm 16.21 9.24 -
Previous experience in: livestock 2.82 5.81 2 1 . 0 3  
agriculture 8.69 9.91 55.36 
trade 2.85 7 . 0 3  2 0 . 0 0  
employee 4.86 8.61 36.94 
Has worked in: Coast 3.12 1 . 1 1  18.58 
Sierra 1 . 6 0  4.64 15.04 
Low Selva 3.58 7.19 28.07 
High Selva 1 0 . 9 0  1 1 . 5 0  64.29 
Technical assistance in pasture-cattle - - 18.10 
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As many as 35 % of the farmers have other activities not 
directly related with the farm (Table 5.10). As many as 
16.4 % have a retail store or a restaurant in the farm or 
close to it. 
Family and total permanent labor available in the farm 
is presented in Table 5.11. Family labor has been 
homogenized in terms of man-day equivalents^. The average 
availability of permanent family labor is 2.55 man-days and 
all permanent labor goes to 2.86 man-days. 
Information and perceptions about innovations Tables 
5.12 to 5.17 condense the perceptions and information the 
farmers have in relation to certain technical innovations. 
With respect to the use of brachiaria and kudzu in 
association, 121 answers mentioned positive aspects; while 
55 answers mentioned problems. Most of the farmers 
recognized nutritional value in the grass-legume 
association, either as better feed or providing variety in 
the diet or even because of water content of kudzu as a 
positive aspect. Other answers (30) were directly 
recognizing positive effects on production. More than 11 % 
of farmers mentioned a positive effect on soil. Most of 
these aspects have been studied by IVITA's Research Station 
and some extension efforts had followed. However, not much 
research has been devoted to positive aspects related to 
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Table 5.10. Activities not directly related to farming. 
Data in percentages of frequency. Author's 
survey, 1989. 
Retailer/restaurant 16.4 
Off-farm employee 7.1 
Poultry production 5.5 
Public transportation 4. 7 
Timber 4.7 
Mill-grain trader 3.9 
Other 3.2 
Table 5.11. Labor availability in man-day equivalents. 
Author's survey, 1989. 
Type of Labor Mean Standard 
deviation 
Permanent family labor 
Total permanent labor 
Seasonal family labor 
2.55 
2 . 8 6  
0.91 
1.51 
1.78 
1.11 
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the seasonal grazing behavior and weed control on 
brachiaria-kudzu mix, which have been mentioned in 8 answers 
during the survey. 
Most of the problems with regard to the use of 
brachiaria-kudzu pastures are concerned with the instability 
of the association. About 17.7 % of the farmers believe 
that brachiaria dominates the association and kudzu 
eventually disappears. Nevertheless, 9.0 % of the farmers 
believe that the reverse is true: kudzu dominates; and 1.6 % 
believes that either outcome could occur. The problem of 
instability of grass-legume associations has been in the 
agenda of pasture researchers for long time now. The 
solution is not simple though. Grazing management becomes 
complicated when several combination of factors must be 
taken into consideration, such as stocking rates, rotation, 
frequency of grazing, season, etc. In 8 answers, farmers 
expressed discontent with kudzu as a forage; problems of 
acceptability by cattle and laxative effects were mentioned. 
Researchers have encounter acceptability problems but, these 
have been found only in certain type of cattle (cebu 
Nelore). 
A total of 105 statements were obtained about the use of 
herbicides: 39 were positive aspects, and 66, negative ones. 
11.7 % of farmers mentioned labor and time savings in weed 
control with the use of herbicides in relation to the more 
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Table 5.12. Most important aspects about the use of the 
association brachiaria-kudzu according to 
farmers. Percentage of farmers mentioning the 
issue. Author's survey, 1989. 
Positive aspects 
Better nutrition 23.4 
Variety in diet 16.1 
More live-weight gain 16.1 
Increases milk production 13.7 
Kudzu fertilizes the soil 11.2 
Kudzu provides water 5.6 
Reduces weed infestation 4.0 
Legume for dry season, grass for rainy season 2.4 
Other positive aspects 2.4 
Negative aspects 
Unstable association: brachiaria dominates 17.7 
Unstable association: kudzu dominates 9.0 
Legume and grass in separated plots is better 5.6 
Kudzu is not palatable 3.2 
Other negative aspects related to kudzu 3.2 
Unstable association: either dominates 1.6 
Other negative aspects in general 2.4 
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Table 5.13. Most important aspects about the use of 
herbicides according to farmers. Percentage of 
farmers mentioning the issue. Author's survey, 
1989. 
Positive aspects 
Saves labor/time 11.7 
Eliminates weeds completely 11.7 
Efficient when there is too much weeds 3.1 
Following recommendations of technicians 2.4 
Reduction of costs 1.6 
Negative aspects 
Expensive/liquidity problems 29.7 
Dangerous for cattle or people or other plants 9.5 
Not needed 7.9 
Not enough information 7.0 
Requirement of equipment 4.7 
Bad past results 3.1 
Not available 2.3 
Low quality pastures do not deserve it 1.6 
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common use of machete and other hand tools. A similar 
proportion of farmers mentioned effectiveness in killing 
weeds as an important advantage. On the other hand, 29.7 % 
of the farmers pointed out to the high cost of herbicides 
and to liquidity problems; while 9.5 % mentioned dangers for 
cattle, people or other plants due to spraying the 
chemicals. About 8 percent of farmers simply said 
herbicides were not needed for their cases. 
There were 267 statements given by farmers with respect 
to mineral supplementation; 248 of them referred to positive 
aspects and only 19, negative ones (Table 5.14). In 111 
statements positive effects of minerals directly on 
production (weight, fertility rate, milk and calves) were 
mentioned; 63 answers praised some health effects, 
including antiparasitic effects. As many as 17.2 % of the 
farmers said that the use of mineral supplements was very 
effective for turning the cattle more docile to handle. 
About 7.8 % of the farmers pointed out the cost of mineral 
supplements or liquidity problems as important negative 
aspects. 
Table 5.15 presents the opinion of farmers respect to the 
use of energy supplementation. The survey recorded 113 
statements about this innovation: 51 positive, and 62 
negative aspects. Benefits in weight gain and milk 
production were mentioned by 16.4 % and 7 % of the farmers. 
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respectively; 9.4 % drew attention to the positive effect 
of supplementation to cows' docility. Among the negative 
aspects related to energy supplementation, 43 statements 
mentioned liquidity problems and different costs attached to 
its adoption including transportation, storage and time. 
Another important problem was inputs availability, which was 
stressed by 16.4 % of the farmers in the survey. 
Perceptions about artificial insemination are summarized 
in Table 5.16; 181 statements were recorded. Breed 
improvement was mentioned explicitly in 80 answers coming 
from 62.5 % of the farmers. Among the negative aspects, 5.5 
% of the farmers indicated that a. i. service has a lower 
rate of pregnancies, and 3.9 %, showed concerns because of 
uncertainty about continuity of the service once the farm 
has eliminated its bulls. Almost 5 % of the farmers 
indicated that they had to spend too much time (observing 
heats twice a day, separating the cows, waiting for the 
technicians, etc.). A similar proportion of farmers 
complain about born calves, because a. i. has been done 
before with pure Holstein or Brown Swiss semen, therefore 
new born calves are often 3/4 or more European type which 
require more care than cebu calves. 
Farmers that did not milk at the time of the survey were 
asked for reasons (Table 5.17). A total of 154 statements 
were obtained. Most of the farmers mentioned problems 
94 
Table 5.14. Most important aspects about mineral 
supplementation according to farmers. 
Percentage of farmers mentioning the issue. 
Author's survey, 1989. 
Positive aspects 
More live-weight gain 52.3 
General health 40.6 
Better fertility rate 18.8 
Cattle become docile 17.2 
Laxative (antiparasitic) 14.8 
Following recommendations from technicians 10.9 
Increases milk production 10.2 
Heals perverse appetite 8.6 
Stimulates drinking 7.0 
Helps to obtain better calves 5.5 
Other positive aspects 7.8 
Negative aspects 
Expensive/liquidity problems 7.8 
Not enough information 3 .1 
Availability 1.6 
Other negative aspects 2.3 
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Table 5.15. Most important aspects about energy 
supplementation according to farmers. 
Percentage of farmers mentioning the issue. 
Author's survey, 1989. 
Perceptions Frequency-percentage 
Positive aspects 
More live-weight gain 16.4 
Cattle become docile 9.4 
Increases milk production 7.0 
Variety in diet 6.3 
Substitution for low quality/quantity pastures 6.3 
In-farm byproducts are readily available 3.1 
Other positive aspects 2.3 
Negative aspects 
Expensive/liquidity problems 23.4 
Availability 16.4 
Transportation/time/storage costs 10.2 
Not needed 6.3 
Not enough information 3.1 
Other negative aspects 2.3 
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Table 5.16. Most important aspects about artificial 
insemination according to farmers. Percentage 
of farmers mentioning the issue. Author's 
survey, 1989. 
Positive aspects 
Improves breeds 62.5 
Increases Milk production 21.9 
Relatively cheap substitution of the bull 12.5 
Farm does not have a bull 8.6 
Veterinary assistance and control 4.7 
accelerates herd development and production 3.9 
Cows become docile 3.1 
Other positive aspects 2.3 
Negative aspects 
A. i. technicians fail to often: fertility falls 5.5 
Demands too much farmers' time 4.7 
New born calves are weaker 4.7 
Uncertainty about continuity of the a. i. service 3.9 
Other negative aspects 3.1 
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Table 5.17. Reasons given by beef farmers for not milking. 
Percentage of farmers that mentioned the 
problem. Author's survey, 1989. 
Not appropriate breeds 18.0 
Cows have not calved yet 16.4 
Not enough time 14.1 
Cows do not produce enough 13.3 
Pastures in low quantity/quality 12.5 
Calves suffer too much 11.7 
Cows in the farm are wild 7.8 
Lack of yards, equipment, etc. 7.0 
Farm has too few cows 6.3 
Not enough information 3.9 
Other reasons 9.4 
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related to the characteristics of the cows; 50 statements 
were connected to this issue. Problems related to feeding 
were mentioned in 16 occasions. Time constraint was 
emphasized in 18 statements which could mean that for these 
farmers (14.1 %) other activities look more profitable. 
Productivity 
Beef output is a result of three different processes: 
births, net liveweight gain and salvaging value of 
reproductive herd. A common method to record beef 
production is based on an accounting sheet per period in 
terms of number of cattle by categories. An initial 
inventory, births, purchases, and positive transfers may 
appear in the input side; while, dead animals, sales, 
negative transfers, and final inventory appear in the output 
side. 
If the accounting sheet is expressed in liveweight 
values, then net sales plus the difference in inventories 
will give net beef production for the period under analysis. 
It is obvious that we would like to have total beef output 
weighted by the market value of each category; however, 
prices are not available for all categories (for example, 
calves or cows at different ages) and calculation of 
opportunity costs will require additional data. Even a 
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general liveweight accounting sheet will not be complete 
because weight have not been recorded in the survey. 
Nevertheless, weight of young bulls sold during the year 
divided by corresponding age at slaughter minus an average 
birth-weight might be a useful single measure of beef 
production. Liveweight gain of young bulls per period is a 
variable directly related to the whole herd weight gain. 
Besides, liveweight gain per animal and per period is 
positively correlated with production of calves or cow 
fertility rates. 
Total liveweight gain of young bulls might also be used 
as a measure of size. For those cattle farms that reported 
sales during the year^, the mean of Monthly liveweight gain 
of young bulls is 51.8 kg, with a C.V. of 101.7 %. The 
minimum, maximum, and median for the sample are 8.25, 340 
and 36.1, respectively. As much as 75 % of the farms 
produce produce less than 65.2 kg of liveweight of young 
bulls per month, while the other 25 % produce between 65.2 
and 340 kg. 
Another approach to measurement of beef production is to 
consider production of calves, or production of net 
Only 51 farms reported sales of young bulls in the 
survey. For the calculation of liveweight gain, a 
birth-weight of 38 kg per animal and 0.5 carcass to 
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liveweight ratio have been considered. 
young stock (heifers and young bulls) per period. In the 
latter case, dead calves have been discounted. The average 
annual production of young stock is 13.4 animals per farm, 
with a median of 8. The superior 25 % of the sample has 
produced between 20 and 91 young animals per farm. 
A useful set of variables results from relating 
production to certain resources of the farm. For instance, 
since the stock of cows is the most valuable asset in the 
cattle farms then productivity variables related to cows or 
to animal units are important. Accordingly, daily 
liveweight gain per animal, production of young stock per 
cow and birth rate have been calculated (Table 5.18). 
The average daily liveweight gain per animal recorded in 
the sample was 475 g, for young bulls; the range was from 
258 to 894 g. Compare these figures with data obtained 
at IVITA's Pucallpa Research Station (Chapter II); the 
average obtained in the farms approximately corresponds to 
cebu animals grazing on B. decumbens at a stocking rate 
between 1.8 and 2.7 animals/ha. The minimum LWG of 258 
g/day recorded in the survey is even higher than the LWG 
obtained for cebu grazing native grasses at the Research 
Station. In addition, LWG from the survey shows positive 
skewness (0.8). In other words, farmers seem to be doing a 
better job than expected by researchers. The differences 
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Table 5.18. Some measures of beef productivity. Author's 
survey, 1989. 
Variable Mean St. deviation 
Daily liveweight gain/young bull (kg) 0. 475 0. 129 
Young bull-liveweight sold/cow (kg) 50 .19 58 .87 
Birth rate 0. 571 0. 35 
Young stock/cow 1. 17 0. 91 
Cow/whole herd 0. 524 0. 169 
a 
Stocking rate (A.U. /ha) 0. 938 0. 791 
^Animal units is an index for livestock categories that 
considers liveweight as a proxy for nutrients requirements. 
might be explained by type of animals, type of pastures and 
grazing management. 
Birth rate or average number of births per cow per year 
is an important measure of productivity. The mean birth 
rate in the survey is 57.1 %. Experimental results in the 
region (Chapter II) show that such a value would correspond 
to native grasses with a deficit of phosphorus nutrition. A 
permanent supplement of phosphorus and access to legumes 
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would permit birth rates between 63 and 80 % per year. 
The number of young animals per cow and the proportion 
of cows over the whole herd are variables that focus on the 
relation output/capital and vice versa, respectively. An 
efficient farm must show higher output/capital ratio, i.e., 
a higher number of young stock per cow and a lower 
proportion of cows per total number of cattle. An increase 
in birth rate and a reduction in mortality rates tend to 
increase the former and decrease the latter, given the same 
slaughter age for young bulls. Averages of 1.17 young 
animals per cow and 52.4 % of cows in the whole herd were 
reported in the survey. A better measure of output/capital 
ratio would be carcass weight sold annually per cow. In the 
survey, the mean and c.v. for this measure were 50.2 kg and 
117 %, respectively. 
Stocking rate, or number of animals per hectare of 
pastures, is both a decision variable and a productivity 
indicator. It is a decision variable because the farmer may 
sell or buy cattle, or rent additional pastures, in order to 
accommodate the stocking rate in the short run. It is a 
pasture productivity yardstick because the decision about 
number of animals per hectare generally depends on 
production of nutrients per unit of area. The average 
stocking rate in the sample is 0.94 A.U./ha, with a c.v. of 
84 %. This results turn out to be conservative relative to 
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results from IVITA (Chapter II). At the research station, 
a stocking rate of at least 1.5 A.U./ha would be expected 
over B. decumbens alone, and as high as 2.4 A.U./ha would be 
expected when brachiaria is associated with a legume. Such 
a value indicates that production per unit of area is not 
first priority given actual opportunity cost of land; on the 
other hand, most farmers might be risk averse and set a low 
stocking rate which gives them enough flexibility during the 
year and safety in case of severe dry seasons where pasture 
supportability might drop substantially. 
Size of milk activity in the farms might be expressed in 
terms of daily milk production. The average per farm is 
5.15 It with a c.v. of 212.6 %, when all farms in the survey 
are included; and 17.86 It with a c.v. of 79.4 %, when only 
dual purpose farms are considered. This production is 
obtained from 1.99 or 6.37 milked cows per farm, for all 
farms or dual purpose farms, respectively (Table 5.19). 
Milked cows produce an average of 2.98 It/day with a 
c.v. of 41.9 %. Experimental results do not provide a clear 
base for comparison because of strong conditional factors; 
however, the mean milk production per cow found in the 
sample roughly corresponds to productivity of 1/2 Holstein 
cows grazing brachiaria and kudzu in experimental plots. 
Data about milk production are based on the-day-of-the 
survey production. Accepting this information as a 
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Table 5.19. Some measures of milk production in dual purpose 
farms. Author's survey, 1989. 
Variable Mean St. deviation 
Daily milk production/all-farm^ (It) 5. ,15 1 0 .  ,95 
Daily milk production/dual-farm^ (It) 17, .36 14. ,18 
Cows milked/all-farm^ 1. ,99 4. ,52 
Cows milked/dual-farm^ 6. 37 6. ,17 
Milk production/cow^ (It) 2. 98 1. 25 
Milking period/cow (months) 5. 
. 0  2. 34 
Cows milked/all-cow 0 .  . 1 2 3  0, .228 
^Over all farms in the sample. 
^Over farms that reported milking. 
*^Over milked cows only. 
representative average means assuming non-seasonality in 
milk production. Evidence is mixed about the validity of 
this assumption. Due to the relative small climate 
variability over the year in the Amazonian tropical rain 
forest, a high concentration of births in a few months does 
not occur. Certain seasonality in nutrient availability 
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from pastures is expected, however (IVITA, 1989a). 
The expected duration of milking period by dual purpose 
farmers is 5 months, which is less than that obtained at the 
Research Station. The duration of the milking period is a 
decision variable. There is a trade-off between, on one 
hand, total amount milked, and on the other, weight gain of 
the calf and fertility performance. Given the same type of 
diet and the same cattle breed, one farm may produce less 
milk but more beef than another, just because of the 
farmer's decision about how much and how long to milk. 
Variables for the econometric analysis 
A brief definition of the variables used in the 
econometric analysis that follows is presented in Table 
5.20. 
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Table 5.20. Definition of the variables used in the 
econometric analysis. 
Variables Definition 
Schooling level 
Age 
Distance from the city 
Permanent labor 
Technical assistance 
Experience in region R 
Net area of brachiaria 
Net area of kudzu 
Area of natural pastures 
Cow 
years of formal education of 
the farmer. 
years (farmer). 
distance of main roads plus 
double distance of secondary 
roads (kilometers). 
man-year equivalents as 
follows: operator*1.0 + 
wife*0.8 + kids over 7 years 
old*0.2 + adult relatives*0.5 + 
hired workers*1.0. 
participation in cattle or 
pastures research or extension 
projects; excludes projects 
related to crops. Dummy. 
years spent in region R divided 
by age at the time of starting 
to operate the current farm. 
hectares of grazing land where 
brachiaria is present, 
multiplied by the proportion of 
this species. 
hectares of grazing land where 
kudzu is present, multiplied 
by the proportion of this 
species. 
hectares of grazing land where 
kudzu is present, multiplied by 
the proportion of this species. 
female cattle that has been 
pregnant at least once. 
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Table 5.20 (continued) 
Crossbred cows 
Other cows 
Energy supplementation 
Mineral supplementation 
Milk production 
Beef production 
Area of crops 
Milking 
Cropping 
Duration of milking period 
cows that have at least certain 
minimum characteristics of 
Holstein or Brown Swiss breeds, 
especially, color and 
conformation. 
cows that are not in the 
crossbred category; mainly cebu 
cows. 
total megacalories of 
digestible energy provided to 
the herd per month. Conversion 
from crude weight of different 
feeds was done using the tables 
of McDowell et al. (1974). 
kilograms of mineral commercial 
mixes provided to the herd per 
month. 
total milk output (litres) 
produced the day of the survey 
in the farm. 
liveweight gain of young bulls 
from birth to sale. Data 
calculated given weight and age 
at sale of animals sold during 
the year, discounted by average 
birth weight. 
hectares allocated to annual 
crops at the time of the 
survey. 
dedication of time to produce 
milk. Dummy. 
dedication of time to produce 
annual crops. Dummy. 
average number of months that a 
cow is milked per calving. 
Table 5.20 (continued) 
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Milk * milking period proxy for average milk 
production per milking period 
as defined above (scaled by 
0.1). 
Interaction brachiaria 
* enegy supplements 
net area of brachiaria 
multiplied by energy 
supplementation (scaled 
0 .001 ) .  
by 
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CHAPTER VI. INPUT DECISIONS 
Medium term decisions are those whose effects are 
present for some years, or affect factors that are 
assumed fixed for several years. Long term decisions would 
be reserved for decisions affecting quasi-fixed factors such 
as human capital variables, total area of the farm or 
distance from the city, that are assumed exogenous for the 
model. 
Two sets of decisions can be distinguished as medium 
term ones: those affecting different pastures and those 
related to different breeds of cattle^. 
Estimation recognizes that some of the dependent 
variables are limited, and uses maximum likelihood methods. 
On the other hand, two types of estimation are performed 
treating simultaneity: conditional estimation ignores 
simultaneity while two-stage methods acknowledge it. 
^Decisions related to permanent crops would be also 
medium term decisions; but the relative importance of this 
activity is still low for farmers in the domain, and has not 
been considered in the model. 
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Pastures 
The pastures subsystem mainly includes three types of 
forages; brachiaria, kudzu and natural pastures. It is 
usual to find the three types in the same farm; however, 
the number of farms with corner solutions for one or more of 
these types of pastures differs. 
The complete set of human capital variables are included 
in the medium term land allocation decisions. Number of 
cows disaggregated by phenotype is also considered. The 
effects of different species of pastures on the decisions 
about area are pondered simultaneously; however, a 
conditional version is presented for comparison. 
Dichotomous variables for the main farmer's economic 
activities are included (milking, cropping and off-farm 
activities), because the sole dedication to each of these 
activities, irrespective of the level of production 
achieved, should affect the diffusion of improved pastures. 
For the decision about area of kudzu, the variable "time 
in possession of the farm" has been included because the area 
of kudzu is only partly a consequence of the farmer's 
decision making. Very often kudzu spreads aggresively by 
itself and invades areas even against the farmer's will. 
Time in possession of the farm is a variable that tends to 
capture this effect. 
Ill 
simultaneity of decisions within the pasture subsystem 
includes the following restrictions: a) kudzu, none? b) 
brachiaria, no effect of time in possession of the farm? and 
c) natural pastures, no effect of milking or off-farm 
activities. 
Brachiaria 
As explained before (Chapter II), brachiaria is an 
illustration of a successful technological innovation taking 
into account its degree of adoption and diffusion. In the 
survey, only six percent of the farms have corner solutions 
for the decision of adopting brachiaria. Therefore, 
censoring is ignored in the estimation of the coefficients. 
OLS is used for the conditional equations, and 2SLS for the 
simultaneously determined equations. 
Table 6.1 presents the coefficient estimates for the net 
area of brachiaria in the farms. Some important differences 
occur when simultaneity is recognized. The most important 
discrepancy is the change in sign from a significant 
negative to a significant positive effect of the net area of 
kudzu upon the net area of brachiaria. A positive sign is 
sensible because farmers perceive brachiaria and kudzu not 
as substitutes but complements (see Table 5.12, in Chapter 
V, about farmers' perceptions). This concept is also 
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supported by theory and research related to the use of 
grasses and legumes, planted either in close association or 
alternately in plots. Brachiaria gives energy while kudzu 
gives protein. Instead, a negative sign would entail 
sustitution between gramineous and legumes. At sample 
means, the elasticity is 1.84; an increase in 100 percent in 
the net area of kudzu would be accompanied by 184 percent 
increase in net area of brachiaria. 
There are also some discrepancies between methods of 
estimation with respect to certain variables of human 
capital. Effect of schooling level changes from 
non-significantly negative to significantly positive effect 
when simultaneous decisions about pastures are taken into 
account. A positive sign is more reasonable because 
education is supposed to enhance adoption of more productive 
technology. As indicated before brachiaria has been quickly 
adopted in the region, and pasture research has shown 
consistent increases in productivity and persistence 
relative to other pasture species. One factor against 
brachiaria has been the low availability of seeds; 
consequently, it is sown vegetatively, a technique that 
requires more labor. For these reasons, available labor can 
be expected to be important for determining area of 
brachiaria. This effect is highly significant when 
simultaneity is recognized. Labor elasticity at sample mean 
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is nearly unitary, an increase of 100 percent of labor would 
cause an increase of 91 percent in the area of the grass. 
Experience is expressed as number of years spent in a 
given region over total time until having the current farm. 
Producers that immigrated from regions where pasture 
technology was more intensive -the coastal desertic 
irrigated areas or the highly populated Andean valleys- have 
an advantage over people without that experience. Such an 
advantage is probably more related to having been exposed to 
clean non-weedy prairies rather to any knowledge about 
brachiaria itself since this is a humid tropical grass 
unknown in Costa and Sierra. The marginal change of area of 
brachiaria is non significant when estimation is by OLS but 
increases in magnitude and becomes highly significant when 
simultaneity in the decision about medium term land 
allocation is recognized. 
As indicated before (Chapter II), Selva Alta is a region 
with certain similarities with the region under study but it 
is steeper and with better soils. Permanent crops especially 
suited for this region; within them coca plantations have 
become in the last decade the most important economic 
activity in terms of profitability and regional income. The 
effect of experience in Selva Alta changes from a 
significantly negative sign to a non-significantly positive 
one when simultaneity is taken into account. The similarity 
Table 6.1 Coefficient estimates of the pasture decision submodel: 
area of brachiaria. OLS estimation for the conditional 
decision. 2SLS for the simultaneous equation 
Conditional 2 
1 
-stage 
3 
(3) Schooling -0.18 1.17 1.51 
(0.51) (1.54) (1.28) 
(4) Age 1.36 -0.41 0.35 
(2.18) (0.59) (0.25) 
(5) (4) squared -0.014 0.0059 -0.0008 
(2.19) (0.77) (0.05) 
(6) Distance from the city 0.16 0.37 1.25 
(0.54) (3.14) (1.93) 
(7) (6) squared -0.0023 -0.012 -0.011 
(0.84) (3.13) (2.08) 
(8) Permanent labor 0.28 3.82 3.23 
(0.25) (2.36) (1.05) 
(9) Technical assistance -0.30 -3.27 -8.11 
(0.12) (1.23) (1.72) 
(10) Experience in Sierra or Costa 0.89 9.30 6.59 
(0.36) (2.88) (1.11) 
(11) Experience in Selva Alta .-2.55 1 . 5 0  -1.29 
(1.85) ( 0 . 3 4 )  (0.35) 
(12) Area of kudzu -p.30 5.35 b 4.58 b 
( 2 . 0 2 )  (3.50) (1.13) 
(14) Area of natural pastures - 0 . 1 7  -0.29 b -0.75 b 
(1.67) (1.01) (1.63) 
(15) Crossbred cows 0 . 6 0  0.35 1.06 b 
(3.91) (2.35) (1.65) 
(16) Cebu cows 0 . 2 9  0.08 0.28 b 
(2.49) (0.71) (0.29) 
(21) Milking (dummy) 6 . 0 0  6.87 8.29 
(2.72) (3.38) (4.04) 
(25) Cropping (dummy) 0.11 2.02 1.35 
( 0 . 0 5 )  (0.88) (0.54) 
(27) Off-farm activities (dummy) -3.24 -1.80 -1.62 
(1.64) (0.96) (0.81) 
(29) Constant -23.98 -59.09 -73.11 
(1.52) (2.74) (2.72) 
r2 0 . 5 3  0.58 0.57 
^Absolute asymptotic t-ratios in parentheses. 
'^Expected values from, the reduced form were used (first stage) 
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of climate is an advantage for migrants from Selva Alta 
compared to Costa or Sierra. 
The distance from the farm to the city has a positive 
and decreasing effect upon the net area of brachiaria. 
Since the market value of land is higher closer to the city, 
then it would seem sensible to have a negative marginal 
effect rather than a positive one. However, certain factors 
are acting in the opposite direction. Older areas are 
closer to the city and it is more costly and technically 
difficult to renew pastures in older areas because the soil 
is compacted and more acidic: machinery and fertilizer are 
needed, and also postponement of grazing one year or more. 
The outcome of such investment is still uncertain^. In 
contrast, new areas -land under forest or mature secondary 
vegetation- only require labor for the establishment of a 
dense brachiaria grassland. Besides, this latter investment 
involves a relative low risk. Since information about soil 
fertility and its interaction with the cost of establishing 
brachiaria are not available for the sample, these factors 
^An alternative to machinery and fertilizer for 
"renewing" old grasslands is to differ grazing for several 
years, and spread legume seed such as kudzu for recovering 
the fertility of the soil. This alternative has a very high 
opportunity cost. 
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are captured in part by the variable distance from the city 
with a positive main effect. 
Natural pastures are primarily gramineous forages, and 
therefore, may be seen as substitutes for brachiaria, 
although they are much less productive. Consequently, a 
negative and low marginal effect of area of natural pastures 
over area of brachiaria was expected. A 100 percent 
increase in area of natural pastures would imply a reduction 
of the area of brachiaria by 20 percent. 
The number of cows, or equivalently, the size of the 
herd has a positive effect upon the net area of brachiaria. 
Complementarity between livestock and pastures implies a 
positive marginal effect. Nevertheless, crossbred cows have 
a higher and more significant effect than cebu cows. Taking 
the 2SLS estimates into consideration, while 0.35 ha of 
brachiaria are maintained per each crossbred cow, only 0.08 
ha are maintained per each cebu cow. The difference in the 
allocation of the improved grass to cattle according to 
phenotype is related to its marginal productivity as will be 
seen later. 
Milking, as a dummy variable, has been included because 
the sole dedication to this activity, irrespective of level 
of production, should stimulate the diffusion of 
brachiaria. Granted that the area of brachiaria is the 
result of a medium term decision, actual milk production 
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would not be an appropriate explanatory variable. Instead, 
milking as a dummy may better capture farmer's past and 
actual disposition for milk production. The coefficient 
estimates are positive and highly significant in both 
methods of estimation. Milking explains an increase of more 
than 6 ha of brachiaria in an average farm. 
Based on a similar rationale, cropping and off-farm 
activities are included as dummies instead of actual crop 
production or time devoted to off-farm activities, 
respectively. The effect of cropping is positive but the 
coefficient estimate is not significantly different from 
zero. The estimate is larger and has less variability when 
2-stage estimation is used. Farmers that have annual crops 
used to plant brachiaria within the cropping area and before 
harvest in order to save land preparation costs (slash, burn 
and clearing). Therefore, a positive marginal effect was 
expected. Off-farm activities have a negative effect on the 
decision to plant brachiaria mainly because it distracts 
operator's time and dedication to the farm. 
Overall, the decision about area of brachiaria in the 
average farm is better fitted when simultaneity with other 
decisions within the pasture subsystem is taken into 
account. This assessment relies mainly on the number of 
coefficients that have a priori correct signs; and on the 
improvement of the consistency of certain estimates such as 
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the marginal effect of labor, milking and cropping. Besides, 
the multiple correlation coefficient increases by 5 points. 
Kudzu 
Kudzu is a legume known for several decades in Selva 
Baja. However, 36 percent of the farms have not kudzu in 
the pasture subsystem at all: the area of legume as a 
dependent variable is censored at zero and a maximum 
likelihood estimation is appropriate. 
In this section, the decision function about the area of 
kudzu is estimated either ignoring or recognizing 
simultaneity between decisions about allocation of land to 
pastures. 
Two versions that differ in the inclusion of the 
explanatory variable "time in possession of the farm" have 
been considered. This variable was included because kudzu 
is an aggressive legume that propagates easily by seed. The 
area of kudzu in a farm is only partly a consequence of the 
farmers' decision making. Very often kudzu spreads by 
itself and invades areas even against farmer's will. Time of 
occupancy of the farm is a variable that tends to capture 
this specific trend effect. This coefficient is restricted 
to zero in the two other pasture decision functions and is 
useful for identification of the legume equation within the 
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pasture subsystem. 
Time in occupation of the farm enters the structural 
equation for area of kudzu with a significant positive sign, 
and helps to improve the overall fit of the regression 
(versions 2 and 3 in Table 6.2). Since the estimated value 
and variability of the structural coefficients are very 
similar in both versions, I will center the discussion in 
version 3 that considers simultaneity in all medium term 
decisions. 
There are some important sign discrepancies between 
conditional and two-stage estimates. First, while schooling 
remains non-significant, sign has changed from negative to 
positive when simultaneity is considered. A positive sign 
would be reasonable for the same reasons as for the case of 
brachiaria. The marginal effect of one additional year of 
formal education is, however, much less on net area of kudzu 
than on net area of brachiaria. 
Age has a positive and decreasing marginal effect. The 
direction of the effect is the same for both estimation 
methods; although the estimates become non-significant when 
two-stage estimation is used. 
The installment of kudzu does not require labor because 
of its form of reproduction. As explained above, kudzu is 
very aggressive in such a way that is sometimes used for weed 
control, the most labor demanding activity within any cattle 
Table 6.2 Coefficient estimates of the pasture decision submodel: area of kudzu. 
Tobit estimation for conditional equations. Two stage Tobit estimation 
for simultaneous equations^ 
Conditional 
1 2 1 
2-stage 
2 3 
(3) Schooling - 0 . 2 9  - 0 . 2 2  0.56 0.49 4.87 
( 0 . 7 9 )  ( 0 . 6 4 )  (0.61) (0.54) (1.21) 
(4) Age 1 . 0 4  0 . 8 6  0.46 0.30 -2.66 
(1.65) (1.39) (0.72) (0.49) (1.18) 
(5) (4) squared - 0 . 0 1 1  - 0 . 0 1 1  -0.0004 -0.0004 0.036 
(1.79) (1.68) (0.61) (0.54) (1.16) 
(6) Distance from the city - 0 . 3 9  - 0 . 3 7  1 o
 
00
 
—0.46 -2.52 
(1.34) (1.31) (1.64) (1.59) (1.44) 
(7) (6) squared 0 . 0 0 2 6  0 . 0 0 2 4  0.004 0.004 0.023 
( 0 . 9 5 )  ( 0 . 8 9 )  (1.39) (1.32) (1.42) 
(8) Permanent labor -p.45 - 0 . 1 4  -0.74 -0.46 1.21 
( 0 . 2 9 )  ( 0 . 1 2 )  (0.59) (0.38) (0.70) 
(9) Technical assistance 1.56 1.55 -2.00 -1.49 -14.03 
(0.63) (J3.64) (0.53) (0.40) (0.95) 
( 1 0 )  Experience Sierra or Costa -1.22 - 1 . 0 8  -3.25 -2.91 -19.42 
( 0 . 4 7 )  ( 0 . 4 2 )  (1.09) (1.00) (1.31) 
(11) Experience in Selva Alta -1.36 -1.44 0.065 0.13 -15.60 
(0.91) (1.00) (0.04)% (0.09)% (1.28) 
(13) Area of brachiaria -0.28 -0.27 0.57 0.51 5.04 
(2.31) (2.26) (1.48)% (1.35)% (1.35) 
(14) Area of natural pastures -0.21 -0.22 -0.44 -0.37 -0.43 
(1.97) (2.07) (1.02) (0.89) (0.70) 
(15) Crossbred cows 0.43 0.40 0.18 0.16 -2.84 
(2.62) (2.52) (1.10) (1.00) (1.37) 
(16) Cebu cows 0.13 0.069 -0.057 -0.10 -5.41 
(1.04) (0.57) (0.45) (0.80) (1.21) 
(21) Milking (dummy) -3.74 -4.52 -5.96 -6.49 -5.94 
(1.51) (1.84) (2.49) (2.73) (2.63) 
(25) Cropping (dummy) -2.55 -3.33 -2.70 -3.36 -3.61 
(1.08) (1.42) (1.11) (1.40) (1.52) 
(27) Off-farm activities (dummy) 3.31 3.19 -2.60 -2.59 -3.27 
(1.64) (1.64) (1.28) (1.32) (1.64) 
(28) Time in possession 0.23 0.21 0.21 
(1.86) (1.67) (1.74) 
(29) Constant 0.58 3.05 2.97 6.48 79.66 
(0.04) (0.20) (0.16) (0.35) (1.41) 
0.19 0.26 0.17 0.23 0.25 
^Absolute asymptotic t-ratios in parentheses. 
^Expected values from the reduced form were used (first stage). 
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farm in the region. The negative sign of the marginal 
effect of labor is therefore correct. In any case, the 
estimates do not attain significance. 
An attribute of the legume as explained in Chapter II 
is its contribution to increasing stocking rate of the 
pastureland, and hence, productivity per unit of land. Since 
the market value of land is higher close to the cities, the 
negative and significant sign obtained by the coefficient 
estimates of distance is fully justified. Additionally, 
kudzu may be sown or invade an old native pastureland with 
less difficulty than, say, brachiaria; and as a consequence, 
may improve soil fertility of an area that was cleared many 
years ago. This is the case of grasslands that are close to 
the city. Both estimation methods produce the anticipated 
negative and decreasing estimates for the effect of 
distance; however, the coefficient estimates are more 
significant when simultaneity in pastureland decisions are 
provided for. 
Producers with experience in Sierra or Costa seem to 
have a disadvantage with respect to the adoption of kudzu. 
This legume has a climbing type of growth that makes it very 
unfamiliar to farmers used to erected type of forages, such 
as lucerne which is well known in those regions. On the 
contrary, experience in Selva Alta tends to be positive 
because in this region kudzu is already known, although its 
124 
diffusion has been more recent and slower than in the 
Amazonian plains. The coefficient estimates of both methods 
are non-significant but the conditional versions seem to 
have the wrong signs. 
An important discrepancy between the two estimation 
techniques is related to the effect of net area of 
brachiaria upon kudzu. In both cases, the coefficient 
estimates are significantly different from zero, but they 
change from negative to positive when simultaneity is 
recognized. As explained before, kudzu and brachiaria are 
complements, and therefore, the cross effect must be 
positive and a symmetry of signs must hold. Only the 
two-stage estimates satisfy both conditions. 
Natural pastures are plants of relatively low dry matter 
production per hectare, that emerge in old grasslands, over 
low fertility and compacted soils, or invade pastures that 
have been exposed to high stocking rates for a long period. 
There are two opposite effects in operation upon the net 
area of kudzu in the farms. An increase in the area of 
natural pastures normally goes along with a decrease in 
the net area of improved forage species, like brachiaria and 
kudzu. On the other hand, since natural pastures are mostly 
gramineous plants with certain energetic value for cattle, 
and since total replacement by brachiaria is costly, then 
nutritional improvement of these grasslands with the 
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introduction of a legume becomes a conceivable alternative. 
The first consideration says that natural pastures and kudzu 
are substitutes, but the second one indicates that they are 
complements. In sum, the marginal effect of an increase in 
area of natural pastures is ambiguous. The coefficient 
estimate is negative irrespective of the method used, but it 
turns non-significant when pastureland decisions are assumed 
to be made concurrently. 
The effect of an increase in herd size has a different 
effect according to the type of cattle implied. I will 
discuss these results in the next section. 
Main economic activities of the farm operator 
represented by dummies have a significant effect upon net 
area of kudzu and the sign of the coefficient estimates is 
always negative. It is assumed that area of kudzu and 
milking are not simultaneous decisions. Why is this 
coefficient negative? It was shown before (Table 5.2) that 
only 13.7 percent of farmers perceive kudzu as a positive factor 
for milk production. But 28.3 percent have serious concerns 
about the stability of the legume within the pasture 
subsystem. As a result, the area of kudzu tends to be less 
when the farmer is already milking than when he or she is 
not. 
In the study of 1982, it was suggested that there was a 
direct relation between kudzu and the crop subsystem of the 
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farms in the region. The legume had an important role for 
weed control and for improving soil fertility during 
fallowing, leading eventually to a reduction of the shifting 
cultivation cycle. In contrast. Table 6.2 shows that 
cropping has a negative effect upon the decision about the 
area of the legume in cattle farms. It is important to 
notice, however, that the adoption of kudzu in this analysis 
only refers to the presence of the legume in grazing areas. 
There might be kudzu in fallowing areas and that information 
has not be included in the model. On that account, cropping 
and the area of kudzu that is being used for grazing compete 
for land. 
The coefficient estimate for the effect of off-farm 
activities is positive when simultaneity is ignored, but 
turns to negative otherwise. As in the case of the 
brachiaria decision, a negative sign is expected because 
off-farm activities imply less dedication to farm 
activities. 
The entire fit of the area of kudzu decision function is 
better again when simultaneity is taken into account through 
a two-stage Tobit estimation. This assessment relies on the 
congruous reversal of signs of certain coefficients, like 
those corresponding to the effects of schooling, area of 
brachiaria and,off-farm activities. 
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Natural pastures 
A total of 38 percent of the farms have a corner 
solution regarding area of natural pastures: zero area. 
Therefore, censoring has been taken into account and a 
maximum likelihood estimation is performed. 
Two versions are presented in Table 6.3. Version 1 
includes the same explanatory variables used in the 
brachiaria decision function. In version 2, the 
coefficients of the dummies for main economic activities and 
time in possession of the farm are restricted to zero. When 
these variables are included (version 1), their estimates 
are not significantly different from zero. 
Following the analysis of brachiaria and kudzu decision 
functions previously described, two methods of estimation 
are performed: simple Tobit for the conditional form, or 
two-stage Tobit for simultaneously determined pastureland 
subsystem. 
Milking might be negatively associated with area of 
natural pastures due to low productivity. But, as explained 
before, to replace natural pastures is costly and 
technically difficult. Thus, an increase in improved 
pastures in other areas (secondary vegetation or forest) 
rather than in those allocated to natural pastures is most 
Table 6.3 Coefficient estimates of the pasture decision submodel; area of 
natural pastures. Tobit estimation for conditional equations. 
Two stage Tobit estimation for simultaneous equations 
-
Conditional 
1 2 1 
2-stage 
2 3 
(3) Schooling 2.01 2.11 1.55 1.88 —0.58 
(3.76) (4.18) (2.00) (2.55) (1.20) 
(4) Age 2.10 2.12 2.51 2.40 0.79 
(1.86) (1.91) (1.72) (1.72) (2.16) 
(5) (4) squared -0.017 -0.017 -0.02 -0.019 0.009 
(1.44) (1.52) (1.34) (1.32) (1.95) 
(6) Distance from the city 0.57 0.53 -2.00 -1.83 0.19 
(1.22) (1.16) (1.45) (1.40) (0.72) 
(7) (6) squared -0.005 -0.005 0.017 0.015 -0.002 
(1.17) (1.16) (1.46) (1.39) (0.80) 
(8) Permanent labor 0.49 0.63 -6.36 -5.76 -0.86 
(0.27) (0.36) (1.51) (1.40) (1.81) 
(9) Technical assistance -4.11 -3.75 -10.67 -10.21 1.08 
(1.08) (1.03) (2.56) (2.53) (0.71) 
(10) Experience in Sierra or Costa -0.33 -0.35 -23.39 -22.47 0.69 
(0.09) (0.09) (1.95) (1.94) (0.31) 
(11) Experience in Selva Alta -1.23 -1.18 - 1 . 0 0  -0.82 -2.97 
(p.57) ( 0 . 5 5 )  (0.41)% (0.33)% (1.68)% 
(12) Area Of kudzu -0.32 - 0 . 3 5  - 1 0 . 0  A  -9.37 -0.94 
(1.34) (1.51) ( 1 . 1 5 ) ^  (1.73)% (1.59)% 
(13) Area of brachiaria - 0 . 3 2  - 0 . 3 3  2.54 2.38 -0.58 
(1.64) (1.86) (2.53) (2.50) (1.15)% 
(15) Crossbred cows 0 . 6 8  0 . 6 1  0.13 0 . 0 8 8  0.55 
( 2 . 6 0 )  (2.64) (0,52) (0.38) (1.76)% 
(16) Cebu cows 0 . 5 0  0 . S 0  0.18 0.19 1.00 
(2.67) (2.72) (0.99) (1.06) (1.62) 
(21) Milking (dummy) 1 . 0 3  
( 0 . 2 8 )  
-1.16 
(0.37) 
(25) Cropping (dummy) - 0 . 5 9  
( 0 . 1 5 )  
-3.00 
(0.83) 
(27) Off-farm activities (dummy) 2 . 1 2  
( 0 . 6 5 )  
2.93 
(0.98) 
(29) Constant -87.44 - 8 6 . 0 1  6.15 -0.95 -14.03 
( 2 . 9 0 )  ( 2 . 9 0 )  (0.13) (0.02) (1.45) 
r2 0 . 4 9  0.49 0.52 0.53 0.54 
^Absolute asymptotic t-ratios in parentheses. 
^Expected values from the reduced form were used (first stage). 
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likely. A decrease in the relative area of natural pastures 
is expected as a result of milking, although no effect would 
be expected on total area of such type of pastures. 
Cropping has also a negative and non-significant effect. 
An explanation for the observed negative tendency of the 
coefficient estimate is not obvious, but might be related to 
certain positive correlation between cropping and dedication 
to farm activities. By the same reasoning, off-farm 
activities have an expected positive effect upon area of 
natural pastures, although non-significantly different from 
zero. 
Schooling and age have both positive and significant 
main effects on area of natural pastures. Signs of these 
estimates are probably related to the increase in 
opportunity cost of operator's time, and hence, less 
dedication to the farm. 
There is a discrepancy in the sign of distance from the 
city. The distance from the farm to the city may capture 
the effect of terms of trade at the farm gate. Specifically, 
the further the farm the lower the land and output prices. 
Thus, assuming that natural pastures are less preferred than 
brachiaria or kudzu, terms of trade would favor a positive 
marginal effect of distance upon area of natural pastures. 
However, two factors that favor the opposite sign might be 
embodied in the variable distance. Firstly, several 
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producers that have off-farm activities hold pastureland 
mainly for speculative purposes. The market value of land 
has had a strong upward tendency for many years now. Only 
recently, such a trend may change due to increasing social 
and political instability in the region. These people may 
not be interested in improving pastures or other long term 
innovation in the farm, and their opportunity cost of 
capital and time may be higher close to the city. Secondly, 
the closer the farm to the city the older the pastureland 
and, thus, the higher the probability of having prairies 
invaded by natural pastures. Introduction of brachiaria is 
technically difficult and risky in such soils. 
Avoiding the invasion of natural pastures or introducing 
improved pastures in old prairies are labor intensive 
chores. Consequently, it is correct to expect a negative 
marginal effect of permanent labor on area of natural 
pastures. There is discrepancy between methods of 
estimation in relation to the sign of the coefficient 
estimate of labor. It changes from non-significant and 
positive to significant and negative when simultaneity in 
pastureland decisions are taken into consideration. 
Since technical assistance has been directed to 
substitute natural pastures, the negative sign of the 
coefficient estimate was expected. Although estimates are 
negative irrespective of the method used, they become highly 
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significant when two-stage Tobit estimation is used. A 
similar situation occurs in case of experience in Sierra or 
Costa, regions where meadows of improved forage species are 
common. 
Area of kudzu has a significant and negative effect 
which satisfies the condition of symmetry for simultaneously 
determined decisions: an increase in kudzu causes a decrease 
in natural pastures and vice versa. Contrarily, the 
coefficient estimate of net area of brachiaria is positive 
and significant failing to satisfy the simultaneity 
condition, given that the cross effect -natural pastures on 
brachiaria- is negative although non-significantly different 
from zero (see Table 6.1). Such unexpected result points 
out to the possibility that the simultaneous specification 
is incorrect or incomplete. 
An increase in herd size causes an increase in the area 
of natural pastures. The effect is larger when the 
proportion of cebu cows is higher than that of European 
crossbred cows. Such a result support the assessment that 
small farmers and farmers with dual purpose stock tend to 
dedicate relatively more resources to manage grazing. 
Overall, there are some problems in fitting the 
simultaneously determined natural pastures decision 
function. The sign of the effect of area of brachiaria is 
inconsistent with the sign restriction. 
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Livestock 
The size of the herd of different phenotypes is another 
set of medium term decisions. Cows have been aggregated in 
two groups. Crossbred cows are defined as those that appear 
to have certain proportion of Holstein or Brown Swiss 
heredity^. Cebu cows include all the rest of the 
2 
reproductive herd . 
A conditional model is compared with a simultaneous 
equation model. The two livestock type decisions are 
assumed concurrently made in the second case. 
When labor was considered as a explanatory variable 
in the subsystem, an experimental version showed that the 
corresponding estimate was not significantly different from 
zero. By the same reasons, cropping and off-farm activities 
were not included. 
^In this study, the term "crossbred" includes all 
crosses with Holstein or Brown Swiss. There are in the 
region crossbred cattle between breeds other than Brown 
Swiss or Holstein, but those are mainly beef oriented 
breeds. 
2 
Within this group, some creole cows of Andean origin 
are included. 
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Crossbred cows 
About 16 percent of the farms have no crossbred cows. 
Therefore, censoring was taken into account and a maximum 
likelihood Tobit estimation was performed. Table 6.4 shows 
the number of crossbred cows decision function for single 
and two-stage Tobit estimations. 
The signs of the estimated coefficients are the same for 
both methods of estimation and the t-ratios are also very 
similar. 
Schooling, technical assistance and experience in other 
regions affect positively the number of cows with European 
phenotype in the region. The positive marginal effect of 
experience gained in other regions was expected because 
European breeds are better known outside the Selva Baja. 
Here, livestock has been historically devoted to beef 
production rather than dual purpose; therefore, cebu has 
been the most common breed in the region. Migrants from 
other regions have information about Holstein and Brown 
Swiss. The estimate is especially important in case of 
migrants from Selva Alta, most of them coming from the 
Department of San Martin, with a warm tropical climate too, 
but less rainy and with better soils. Farmers in that 
region have been using Holstein and Brown Swiss breeds for 
several decades. 
Table 6.4 Coefficient estimates of the livestock decision submodel: number 
of crossbred cows. Tobit estimation for conditional equations. 
Two stage Tobit estimation for simultaneous equations^ 
Conditional 
1 2 1 
2-stage 
2 3 
(3) Schooling 0.24 0.22 0.29 0.30 3.33 
(1.01) (0.97) (1.21) (1.24) (2.91) 
(4) Age -0.97 -0.96 -0.90 -0.91 -1.02 
(2.12) (2.10) (2.00) (2.01) (2.08) 
(5) (4) squared 0.011 0.01 0.01 0.01 0.02 
(2.20) (2.18) (2.12) (2.13) (3.07) 
(6) Distance from the city 0.13 0.066 0.0009 0.048 -1.35 
(0.60) (1.79) (0.00) (1.26) (2.64) 
(7) (6) squared —0.0006 0.0005 0.012 
(0.30) (0.20) (2.70) 
(9) Technical assistance 4.60 4.57 4.14 4.19 -13.9 
(2.76) (2.75) (2.46) (2.50) (2.50) 
(10) Experience in Sierra or Costa 1.16 1.11 0.51 0.58 13.82 
(0.65) (0.63) (0.28) (0.32) (2.72) 
(11) Experience in Selva Alta 3.12 3.13 3.29 3.25 8.07 
(3.07) (3.09) (3.15) (3.16) (4.24) 
(12) Area of kudzu p.38 0 . 3 7  0.40 0.40 -0.95 
(3.42) (3.41) (3.44) (3.44) (0.82) 
(13) Area of brachiaria 0 . 3 9  0.39 0.42 0.42 2.89 
(4.76) (4.80) (4.49) (4.61) (3.60) 
(14) Area of natural pastures p.21 0.21 0.22 0.22 -0.59 
(2.93) (2.93) (2.93) (2.94) (1.54) 
(16) Cebu cows -0.18 -0.19 -0.43 b -0.40 b 3.03 
(1.72) (1.74) (1.48) (1.52) (3.53) 
(21) Milking (dummy) 2.25 2.18 2.52 2.57 4.61 
(1.37) (1.34) (1.56) (1.60) (3.06) 
(29) Constant ljJ.65 12.00 13.12 12.03 23.34 
( 0 . 9 2 )  (1.13) (1.10) (1.13) (1.70) 
r2 0 . 5 5  0.55 0.56 0.56 0.58 
^Absolute asymptotic t-ratios in parentheses. 
^Expected values from the reduced form were used (first stage). 
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Age has a negative and increasing significant effect 
upon number of crossbred cows in the farm. This result 
conforms with other evidence where young farmers tend to be 
more innovative (Pingali and Carlson, 1985; Mercier, 1988). 
Number of beef-oriented type of cows compete for a given 
set of resources with European crossbred cows; therefore, 
the negative and significant coefficient estimate of this 
variable is correct. 
An increase in area of pastures has a positive and 
significant effect upon the size of crossbred cows, 
irrespective of the type of pastures present. Nevertheless, 
the magnitude of the marginal effect is higher in case of 
brachiaria and kudzu than in case of natural pastures. 
There is correspondence in sign between the two 
estimation methods. Allowing for simultaneity improves the 
multiple correlation coefficient by only one point. 
Cebu cows 
There are no corner solutions in the farms under study 
with respect to number of cows without some Holstein or 
Brown Swiss phenotype; all farms in the survey had at least 
one cow of that type. Therefore, OLS estimation is used for 
the conditional model, and 2SLS for the simultaneous 
equations model. As in the case of the crossbred cows 
138 
decision, both estimation techniques produce very similar 
coefficients estimates (Table 6.5). 
Technical assistance was not included in this function 
because extension efforts have been devoted mostly to 
increase milk productivity, and this type of cattle has very 
low potential for milk production. This issue is discussed 
below when analyzing the production function. 
Two versions are presented that differ from one another 
by the inclusion or exclusion of the variable time of 
occupancy of the farm by the current operator. A common 
objective of farmers in the region is to increase herd size 
(Riesco et al., 1982); attainment of such objective is 
constrained by capital endowment and a relatively slow 
cattle reproduction rate. Consequently, time of operation 
must have a positive effect on number of cows. As indicated 
in Chapter II, the introduction of European breeds is 
relatively recent in the farms of the region, while cebu 
cattle were introduced several decades ago. Accordingly, the 
coefficient of time of occupancy was restricted to zero in 
the crossbred cows decision function^ but was included in 
the cebu cows equation. As expected, the estimate has a 
^A non-significantly different from zero estimate was 
obtained when the function of number of crossbred cows 
included time in possession of the farm. 
Table 6.5 Coefficient estimates of the livestock decision submodel: number of cebu 
cows. OLS estimation for conditional equations. 2SLS estimation for 
simultaneous equations^ 
(3) Schooling 
(4) Age 
(5) (4) squared 
(6) Distance from the city 
(7) (6) squared 
(10) Experience in Sierra or Costa 
(11) Experience in Selva Alta 
Conditional 2-stage 
1 2 1 2 3 
0.02 0.083 0.024 0.082 0.68 
(0.65) (0.26) (0.07) (0.26) (1.20) 
-0.30 -0.38 -0.28 -0.35 -0.63 
(0.50) (0.63) (0.46) (0.57) (0.96) 
0.003 0.0035 0.003 0.003 0.007 
(0.51) (0.56) (0.47) (0.49) (1.02) 
-0.37 -0.33 -0.37 -0.33 -0.58 
(1.35) (1.21) (1.33) (1.20) (1.35) 
0.0032 0.0027 0.003 0.003 0.005 
(1.23) (1.04) (1.20) (1.02) (1.29) 
-1.32 -1.39 -1.14 -1.31 -4.80 
(0.56) (0.60) (0.47) (0.54) (1.22) 
1.50 1.26 1.47 1.17 2.59 
(1.13) (0.94) (1.07) (0.85) (1.70) 
(12) Area of kudzu 
(13) Area of brachiaria 
(14) Area of natural pastures 
(16) Crossbred cows 
(21) Milking (dummy) 
(28) Time in posession 
(29) Constant 
2 
R 
0 . 2 2  0 . 1 7  0 . 2 0  0 . 1 5  - 1 . 0 2  
( 1 . 5 2 )  ( 1 . 1 4 )  ( 1 . 4 2 )  ( 1 . 0 2 )  ( 0 . 7 0 )  
0 . 2 7  0 . 2 6  0 . 2 5  0 . 2 4  0 . 9 7  
( 2 . 4 4 )  ( 2 . 3 4 )  ( 2 . 2 7 )  ( 2 . 1 2 )  ( 2 . 3 0 )  
0 . 2 1  0 . 1 9  0 . 2 1  0 . 1 9  0 . 0 1 6  
( 2 . 2 2 )  ( 2 . 0 4 )  ( 2 . 0 6 )  ( 1 . 8 3 )  ( 0 . 0 6 )  
- 0 . 1 3  - 0 . 1 2  - 0 . 1 3  ^  - 0 . 0 8 6  b  - 0 . 5 9  
( 0 . 8 3 )  ( 0 . 7 6 )  ( 0 . 5 1 )  ( 0 . 3 4 )  ( 1 . 6 4 )  
- 2 . 3 5  - 2 . 6 3  - 2 . 6 7  - 2 . 9 5  - 2 . 7 6  
( 1 . 0 9 )  ( 1 . 2 3 )  ( 1 . 2 7 )  ( 1 . 4 1 )  ( 1 . 4 2 )  
0 . 1 5  0 . 1 5  0 . 1 9  
( 1 . 3 6 )  ( 1 . 3 5 )  ( 1 . 7 7 )  
1 8 . 9 3  1 9 . 2 1  1 8 . 9 7  1 9 . 0 3  2 5 . 8 0  
( 1 . 2 5 )  ( 1 . 2 8 )  ( 1 . 2 5 )  ( 1 . 2 6 )  ( 1 . 4 1 )  
0 . 2 2  0 . 2 4  0 . 2 2  0 . 2 4  0 . 2 6  
^Absolute asymptotic t-ratios in parentheses. 
^Expected values from the reduced form were used (first stage). 
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positive sign and it is significantly different from zero. 
Schooling and age have the same signs as in the case of 
crossbred cows: positive and negative, respectively; but 
here the estimates are not significantly different from 
zero. 
Experience in Costa and Sierra has a negative effect 
upon number of cebu cows, in contrast with the effect upon 
number crossbred cows. This result is reasonable given that 
cebu cattle are unknown in Costa and Sierra, while the 
European phenotype is common there. On the other hand, the 
effect of experience in Selva Alta the on number of cebu 
cows is positive because of familiarity with this type of 
cattle, and also because migrants from Selva Alta were less 
constrained by capital than native farmers and migrants from 
other regions. Nevertheless, the coefficient estimates of 
experience do not attain statistical significance. 
As expected, area of pastures have a positive effect on 
the number of cebu cows. Brachiaria has a higher effect 
than kudzu and natural pastures. There is an interesting 
discrepancy with the crossbred cows function. In case of 
cebu cows, net area of kudzu has the same or less marginal 
effect than area of natural pastures; in contrast with the 
European crossbred cows function where kudzu was clearly 
second, and natural pastures, third in magnitude of marginal 
effects. These results strongly support concerns about the 
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palatability of the legume for pure cebu cattle. Research 
has shown that acceptability of kudzu by cebu cattle is much 
less than by European crossbred cattle (see Chapter II). 
Milking has the expected negative effect, given the low 
milk potential of cebu cows. As soon as a farmer decides to 
milk, cows with dairy phenotype become important and pure 
cebu cows tend to be replaced. The coefficient estimate of 
milking becomes significant when simultaneity is recognized. 
The coefficient estimate of number of crossbred cows has 
the correct negative sign. Thus, the sign symmetry 
condition for simultaneity holds; although, the estimate is 
not significantly different from zero. 
Short Term Input Decisions 
Short term decisions are those that modify variable 
factors of production, and may be reversed immediately or in 
relatively short period. Two short term input decisions 
have been considered in the model because of their 
importance for livestock activities in the region: mineral 
and energy supplementation. These decisions are assumed to 
be made concurrently. The simultaneity assumption is 
analyzed by comparing the performance of a simultaneous 
equations model with conditional equations. 
By the time the survey was carried out, 50 percent of 
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the farmers were using mineral supplements and around 31 
percent were supplementing energy to the herd. This implies 
a high proportion of corner solutions that fully justifies 
the use of limited dependent variable estimation methods. 
Thus, two-stage Tobit was used for the simultaneous equation 
case, and simple Tobit for the conditional case. 
Mineral supplementation 
Mineral supplementation is expressed in terms of total 
weight of commercial mineral mix that the farmer supplies to 
the herd per unit of time. It would have been more accurate 
to use as a dependent variable weight of phosphorus; by far 
the most important basic mineral component for cattle in the 
region (see estimates of marginal productivity in the next 
Chapter). Unfortunately, that information was often not 
available during the survey. 
Comparing the two methods of estimation, most of the 
signs are the same, but there are two discrepancies. 
Firstly, experience in Selva Alta changes from positive, 
when simultaneity between short term inputs is ignored, to 
negative when it is not. Although, the estimates are non­
significant in both cases. Secondly, the effect of energy 
supplementation on the mineral rate changes from 
significant and positive to non-significant and negative when 
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simultaneity in these decisions is assumed. 
The first discrepancy is difficult to evaluate because 
of the high variance of the estimates. However, it might be 
some support for a positive sign considering that livestock 
activity in Selva Alta has been more intensive in the use of 
inputs. This, in turn, comes from a larger availability and 
lower relative price of purchased inputs. 
For the discrepancy related to the effect of energy 
supplementation, it must be observed that energy and 
phosphorus are complements rather than substitutes. There 
exists a large research background supporting this argument 
(see Chapter II). Therefore, the conditional approach to 
mineral supplementation decision seems more appropriate. 
Human capital variables have the expected positive 
coefficient estimates. This is the case of education, 
technical assistance and experience in Costa or Sierra. 
Area of pastures has a positive effect irrespective of 
the type of pastures. However, the higher marginal effect 
corresponds to brachiaria, followed by kudzu, and the lowest 
marginal effect corresponds to area of natural pastures. 
Such order is equivalent to the level of complementarity 
between enregy and protein provided by pastures, and 
mineral nutrients provided by the commercial mix. 
Additionally, the coefficient estimates for area of 
brachiaria and area of kudzu are highly significant. 
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Table 6.6 Coefficient estimates of the supplementation 
decisions: mineral. Tobit estimation for 
conditional equations. Two stage Tobit 
estimation for simultaneous equations^ 
Conditional 2-stage 
(3) Schooling 0.98 1.66 
(1.21) (1.66) 
(4) Age -5.33 -4.07 
(3.40) (2.13) 
(5) (4) squared 0.054 0.04 
(3.26) (1.99) 
(6) Distance from the city 0.64 1.28 
(0.92) (1.42) 
(7) (6) squared -0.005 -0.13 
(0.81) (1.39) 
(9) Technical assistance 8.88 15.02 
(1.65) (1.67) 
(10) Experience in Sierra or Costa 1.78 12.27 
(0.30) (1.33) 
(11) Experience in Selva Alta 0.95 -0.20 
(0.30) (0.06) 
(12) Area of kudzu 0.62 0.65 
(1.93) (1.94) 
(13) Area of brachiaria 0.99 0.80 
(3.60) (2.81) 
(14) Area of natural pastures 0.35 0.29 
(1.38) (1.11) 
^Absolute asymptotic t-ratios in parentheses. 
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Table 6.6 (continued) 
Table Conditional 2-stage 
(15) Crossbred cows -p.77 - 0 . 6 8  
(1.92) (1.64) 
(16) Other type of cows 0 . 6 1  0 . 6 6  
(2.27) (2.29) 
(17) Energy supplementation 0 . 0 5 3  - 0 . 0 8 9  
(3.p8) (0.66) 
(21) Milking (dummy) 3.61 4.13 
{ 0 . 1 0 )  ( 0 . 7 6 )  
(25) Cropping (dummy) 11.34 14.35 
(1.91) (2.29) 
(29) Constant 69.64 27.67 
(1.91) (p.57) 
R2 0 . 6 0  0 . 5 5  
^Expected values from the reduced form were used (first 
stage). 
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The coefficient estimates for size of the herd have 
different signs depending on the type of cattle involved. 
While cebu cows seem to affect positively farmers' decision 
to supplement minerals, crossbred cows do it negatively; 
in all cases, the estimates are significantly different from 
zero. There is not enough a priori support for this 
discriminant effect. Recalling some arguments brought about 
by farmers for using minerals, 17 percent of them said they 
used mineral suplementation for turning cattle more docile 
to handle (see Table 5.14). Cebu cattle, as opposed to 
crossbred type livestock, is characterized by its wild 
behavior; this factor might support the positive sign for 
cebu cows. However, other arguments given by farmers are 
related to production and health concerns that might 
correspond to both types of cattle. 
Milking obtained a positive coefficient estimate that is 
reasonable since 10 percent of the farmers explicitly mentioned 
increases in milk production due to minerals. Phosphorus has 
a positive marginal milk production as will be shown latter. 
Finally, the effect of cropping appears with a positive 
and significant sign. Cropping turns out to be important 
probably because it embodies presence or attendance of the 
operator in the farm. 
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Energy supplementation 
Energy supplementation is expressed in terms of 
megacalories per unit of time. As explained before, 
a variety of energy sources are used in the region, so that 
normalization in terms of digestible energy content of the 
total amount supplied has been performed for the analysis. 
There is only one discrepancy in sign between the 
conditional and the simultaneous models; the effect of 
mineral supplementation. This effect turns from significant 
and positive to non-significant and negative when 
simultaneity between the two types of supplementation is 
assumed. Again, since minerals and energy are complementary 
factors of production, it is sensible to expect a positive 
sign. 
Schooling, technical assistance and experience outside 
Selva have positive influence upon the use of energy 
supplementation. However, the variability of the 
coefficients are high in all these cases. 
Most sources of energy used for feeding in the farms of 
the domain are byproducts of annual crops often produced in 
the same farm. Distance from the city is a proxy variable 
for terms of trade at the farm gate; the further from the 
city the lower the price of agricultural products -and 
byproducts- and the greater the amount of energy 
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available for cattle. Thus, the positive and decreasing 
estimated effect of distance is reasonable. Besides the 
estimates are significantly different from zero. 
Cattle farms in the Amazonia are primarily based in 
pastureland. This is the basic source of energy. According 
to animal nutrition studies the order of productivity of 
digestible energy among the most frequent pastures in the 
region is: brachiaria, natural pastures and kudzu (IVITA, 
1989a). Recall that kudzu, being a legume, is a better 
source of nitrogen rather than energy. Agricultural 
byproducts also provide digestible energy for cattle. 
Consequently, pastures and energy supplements may be 
considered factor substitutes rather than complements. In 
fact, several farmers argue that they use energy supplements 
whenever pastures are in short supply (see Table 5.15 about 
farmers' perceptions). These considerations fully support 
signs and relative magnitudes of the coefficient estimates 
of area of different pastures. 
The strong negative effect of area of pastures on energy 
supplementation is indirectly related to other variables 
such as labor. Permanent labor has a coefficient estimate 
that is non-significantly different from zero and with a 
negative tendency. The more permanent labor the better weed 
control and general pasture management, which in turn tends 
to eliminate or reduce the need for energy supplementation. 
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Table 6.7 Coefficient estimates of energy supplementation. 
Tobit estimation for conditional equations. Two 
stage Tobit estimation for simultaneous 
equations^ 
Conditional 2-stage 
(3) Schooling 15.15 13.81 
(1.20) (1.04) 
(4) Age 75.38 35.01 
(2.19) (0.99) 
(5) (4) squared -0.74 -0.36 
(2.13) (1.00) 
(6) Distance from the city 17.25 21.82 
(1.52) (1.78) 
(7) (6) squared -0.17 -0.22 
(1.60) (1.88) 
(8) Labor -11.12 -23.41 
(0.28) (0.53) 
(9) Technical assistance 30.15 107.25 
(0.35) (1.10) 
(10) Experience in Sierra or Costa 79.34 144.61 
(0.86) (1.29) 
(11) Experience in Selva Alta -57.19 -54.47 
(0.93) (0.95) 
(12) Area of kudzu 3.78 -1.89 
(0.63) (0.29) 
(13) Area of brachiaria -11.37 -9.15 
(1.98) (1.48) 
^Absolute asymptotic t-ratios in parentheses. 
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Table 6.7 (continued) 
Conditional 2-stage 
(14) Area of natural pastures -5.23 -2.72 
(1.32) ( 0 . 6 0 )  
(15) Crossbred cows 10.19 7.78 
(1.73) ( 1 . 3 0 )  
(16) Other type of cows 3.74 7.26 
(9.81) (1.55)^ 
(18) Mineral supplementation 5.93 - 2 . 7 0  
(2.93) (0.22) 
(21) Milking (dummy) 111.99 129.51 
(1.27) (1.43) 
(25) Cropping (dummy) 12.23 55.84 
(0.13) (0.58) 
(29) Constant -2385.9 -1514.1 
(2.74) (1.74) 
0.18 0.13 
^Expected values from the reduced form were used (first 
stage). 
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However, there might also be an effect in the opposite 
direction since labor is needed for handling byproducts and 
feeding. 
Milking has an expected positive effect because the milk 
marginal product of energy is positive as will be discussed 
latter. 
Since most energy sources besides pastures come from 
agricultural byproducts it is reasonable to expect a 
positive association between having crops and the level of 
energy supplementation. There are, however, other factors 
embodied in the cropping dummy variable that pull in the 
opposite direction; for example, dedication to the farm and 
pasture management. Again, a better pasture management 
implies less need for energy supplementation. In sum, the 
estimate remains insignificantly different from zero. 
Both decision functions -mineral and energy 
supplementations- are better fitted through the conditional 
model rather than assuming simultaneity. Apart from the a 
priori incorrect signs of the cross effects, the variability 
of the coefficient estimates is in general smaller in the 
conditional case. Besides, the multiple correlation 
coefficient falls in both functions when simultaneity is 
taken into account. It may be inferred that the amounts of 
mineral and energy supplementations provided to the herd are 
solutions to non-simultaneous decision functions. 
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CHAPTER VII. PRODUCTION FUNCTIONS 
Farms in the domain are raultioutput units. Since this 
study is about cattle farms, all of them produce beef. 
Simultaneously, they may produce milk and crops. Besides, 
the operator may be involved in other productive activities 
outside the livestock-crop system. 
Given that milk and beef are technically joint products, 
it is sensible to assume simultaneity between the production 
processes. A change in one of them directly affects the 
other and vice versa. Livestock and crop products are not 
technically joint, but they are linked through common 
factors of production. A change in the overall endowment of 
a common factor will cause a change in both livestock and 
crop production. 
A simultaneous production system is estimated for beef, 
milk and crops, using two-stage estimation techniques. 
Additionally, single conditional equations are estimated for 
comparison with the simultaneous model. 
Another direct source of income for farmers in the domain 
is the employment of time and skills in off-farm activities. 
This is a short time decision function that might be made 
simultaneously with the multioutput level of production. 
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given the farmers* endowment of quasi fixed factors of 
production and the solutions to medium term decisions 
studied in the last chapter. Unfortunately, continuous data 
about hours supplied for other economic activities are not 
available, and a dichotomous variable is used. As a result, 
the off-farm dummy is treated conditionally within the 
production system. 
Table 7.1 presents a summary report of the unconditional 
supply elasticities for beef, milk and annual crops (see 
Chapter IV). 
Beef Production 
All farms in this study are cattle farms, and therefore, 
a positive liveweight production is expected in most of 
them.^ However, the direct measurement of liveweight gain 
would be a difficult and costly task. Instead, liveweight 
gain was calculated based on the slaughter-weight and age 
of young bulls sold during the last twelve months, data 
provided by the farmers. Since this information is probably 
^Cattle farms with zero or negative beef production are 
theoretically possible in the short run. Such a situation 
would imply extremely low fertility rates or extremely high 
mortality rates. 
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Table 7.1 Unconditional supply response elasticities. 
Multioutput cattle farmers. 
Variables Beef Milk Crops 
Schooling -1. 50 -5. 34 -0. 68 
Age -3. 13 -21. 87 -1. 72 
Distance from the city 5. 63 7. 05 0. 46 
Permanent labor 1. 97 4. 73 0. 52 
Technical assistance 0. 41 0. 10 0. 01 
Experience in Sierra or Costa -0. 17 -0. 77 -0. 08 
Experience in Selva Alta 0. 10 -1. 64 -0. 12 
Area of brachia^ia 0. 51 0. 60 
Area of kudzu 0. 26 -0. 28 -0. 07 
Area of natural pastures 0. 28 0. 12 
Crossbred cows 0. 31 1. 96 0. 01 
Other type of cows -0. 38 -0. 54 -0. 17 
Energy supplementation -0. 37 -0. 13 
Mineral supplementation 0. 44 0. 22 
Beef production -0. 97 -0. 07 
Milk * milking period -0. 46 -0. 06 
Area of crops -1. 02 —10. 17 
Off-farm activities 0. 66 -0. 12 -0. 03 
Milking period 1. 40 
Area of farm except forest 0. 42 
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the most important for a beef producer, it is likely to be 
remembered with enough precision. The problem is that not 
all cattle farms sold young stock any time during a 
year-period. This may be most probably the case of smaller 
farms. Smaller herds imply less animals ready to be sold 
per year. 
The factors that affect the probability of selling young 
bulls during a specific 12-month period are the same as 
those explaining total liveweight gain in the farm plus a 
random term involving stochastic liquidity needs. 
As indicated in Chapter V, a dependent variable like 
liveweight gain with such limitations corresponds to a 
censored latent variable with a stochastic threshold. 
Liveweight gain data, as collected and calculated in 
this study, capture beef production lagged between one and 
two years. Ideally, current liveweight gain data would be 
needed to analyze joint production, given that only actual 
data about milk and crop productions are available. 
Nevertheless, simultaneity with milk production has been 
considered; and, in order to approximate time discrepancies 
between beef and milk production variables, total milk 
production per average milking period is the variable used, 
instead of "today's milk output". 
Table 7.2 presents the estimated equations for two 
methods of estimation: simple Tobit, in a conditional case, 
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Table 7.2 Coefficient estimates of the beef production 
function Tobit and 2-stage Tobit estimations for 
conditional and simultaneous equations, 
respectively^ 
Conditional 2-stage 
(3) Schooling 
00 m
 1 w
 
(1.95) (1.32) 
(4) Age -0.84 -1.18 
(1.60) (1.23) 
(6) Distance from the city 1.87 1.83 
(4.56) (3.65) 
(8) Labor 14.75 15.65 
(2.42) (1.79) 
(9) Technical assistance 36.00 35.32 
(2.96) (2.58) 
(10) Experience in Sierra or Costa -19.17 -14.63 
(1.43) (0.88) 
(11) Experience in Selva Alta 4.12 3.35 
(0.53) (0.32) 
(12) Area of kudzu 1.71 1.80 
(2.02) (1.97) 
(13) Area of brachiaria 2.08 1.73 
(2.88) (2.36) 
(14) Area of natural pastures 0.55 0.81 
(0.95) (1.26) 
(15) Crossbred cows 1.88 1.08 
(2.04) (1.24) 
(16) Other type of cows -1.77 -1.07 
(1.64) (1.05) 
^Absolute asymptotic t-ratios in parentheses. 
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Table 7.2 (continued) 
Conditional 2-stage 
(17) Energy supplementation 0.02 0.01 
(0.28) (0.13) 
(18) Mineral supplementation 2.12 2.15 
(4.17) (3.73) 
(19) (13) * (17) -21.62 -17.39 
(2.12) (1.48) 
(23) Milk * Milking period -0.39 -5.18 ^  
(3.42) (2.77) 
(26) Area of crops -3.76 -4.61 ^  
(2.51) (0.64) 
(27) Off-farm activities (dummy) 38.36 34.21 
(3.43) (3.07) 
(29) Constant -111.00 -86.13 
2 
(2.50) (1.25) 
R 0.67 0.63 
^Expected values from the reduced form were used (first 
stage) . 
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and two-stage Tobit, in a simultaneous equation case. In 
both cases, a stochastic threshold is assumed. 
There are not discrepancies in sign between the two 
estimation models. The coefficient estimate for schooling 
has a negative sign, although it is not significatively 
different from zero. The main effect of age is also 
negatinve and non-significant. 
The positive sign of the coefficient of distance from 
the city has the expected positive effect for two reasons. 
On one hand, relative price of land is higher close to the 
city, then more intensive activities have better 
profitability than beef. On the other hand, soils are more 
fertile further from the city because those are newly 
cleared, recently burned areas; while soils close to the 
city have lost fertility through longer exposure and 
grazing. 
Labor is important for weed control, cattle management 
and fencing. Therefore, the positive sign of the 
corresponding estimated coefficient is correct. 
Experience in Costa or Sierra seems to be a disadvantage 
for beef production. Although the estimate has high 
variability, it may be capturing the utilization of an 
information set that is inappropriate for lowland Amazon 
Basin. Experience in Selva Alta, on the contrary, has a 
positive tendency, but the estimated coefficient is again 
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non-significantly different from zero. 
An increase in the area of pastures has a positive 
effect irrespective of the type of pastures involved. An 
increase in pastures, ceteris paribus, is equivalent to a 
decrease in stocking rate; therefore, a higher liveweight 
gain would be expected. The magnitude of marginal effects, 
however, depends significantly on the pasture species 
present in the pasturelands. Net area of brachiaria has the 
largest effect: 1 percent-increase in brachiaria causes an 
increase of 0.51 percent in liveweight gain of young stock. 
Net area of kudzu is second in terms of marginal effect on 
beef production; although in terms of beef elasticities is 
almost the same as area of natural pastures: one 
percent-increase in area of kudzu or natural pastures would 
cause a 0.3 percent-increase in total liveweight gain. 
On the other hand, an increase in number of animals, 
ceteris paribus, would imply a higher stocking rate which 
in turn might lead to a lower liveweight per animal. There 
is, however, an expected contrasting effect due to type of 
cattle involved. Crossbred cows are supposed to exhibit 
hybrid vigor in the form of increases in liveweight gain per 
unit of time. In contrast, the cebu cattle are better 
characterized by their resistance and adaptability to the 
harassment of the tropical environment, rather than by their 
beef or milk productivity. These arguments provide support 
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to the estimated coefficients in the beef equation: positive 
marginal production for crossbred cows and negative marginal 
production for cebu cows. Variability of the estimates 
turns out too high, however, to attain statistical 
significance. 
As indicated above, energy supplementation is a 
substitute for pastures. Energy supplements are used when 
the farm has low quality pastures or a high stocking rate. 
These attributes endorse the positive but non-significant 
beef marginal product of energy supplementation, and the 
strong, significantly different from zero, negative 
interaction with the main source of energy; brachiaria. 
In accord with an extensive amount of literature about 
the importance of phosphorus nutrition for livestock raised 
on acid soils, as is the case of most Amazonia (see Chapter 
II), the estimate for the marginal effect of mineral 
supplementation on beef production is positive and highly 
significant. 
The joint product effect of milk is negative and highly 
significant as anticipated. Assuming simultaneity, an 
increase of 100 percent in total milk per average milking 
period would cause a decrease of 46 percent in total 
liveweight gain of young bulls. The conditional 
specification obtains a much lower absolute value of the 
milk marginal effect. 
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The variable area of crops is used as a proxy for crop 
production for reasons explained above. Since crop output 
is linked to beef production through a common need for labor 
and management factors, it is reasonable to expect a 
competitive behavior between both processes. Therefore, 
the corresponding negative and significant coefficient 
estimate is fully justified. The beef product elasticity 
for crops is more than twice that for milk. A reason behind 
this result is that milk comes with intensification in the 
use of certain managerial factors that are difficult to 
quantify; such factors might affect milk and beef in the 
same direction. In case of crops and beef, competition is 
clearer. 
Less obvious is the effect of off-farm activities on 
beef production which has a positive and highly significant 
coefficient estimate. It could be argued that off-farm 
activities imply higher income and wealth. Thus, it would 
provide liquidity and credit for improvement of certain 
factors not included in the model (fences, equipment, 
tractor, vehicle, etc.) and may ensure that young animals 
are sold closer to the technically optimum moment. Against 
this positive tendency, off-farm activities would entail a 
decrease in operator's attendance to the farm. The 
statistical significance of the positive estimate, however, 
points out that the first group of factors has more weight 
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for beef production. This is not the case for the milk 
production function as will be observed later. 
Both specifications perform well in terms of signs of 
the estimated coefficients. However, there is an important 
difference in the magnitude of beef marginal product of milk 
which is higher when simultaneity is not ignored. 
Milk Production 
Since only around 30 percent of the farmers produce any 
milk, censoring must not be ignored and maximum likelihood 
estimation was used to fit the production function. 
As previously explained, jointness between beef and milk 
production, and linkages between milk and crops -through 
common factor needs-, require the model to consider 
simultaneity. Consequently, a two-stage Tobit estimation 
was performed. This assumption was compared with a 
conditional specification using simple Tobit estimation. 
There are some important discrepancies in sign, 
statistical significance and magnitude of the coefficient 
estimates between the two specifications (Table 7.3). 
The effect of schooling changes from non-significant 
positive, in the conditional case, to highly significant 
negative, in the simultaneous equation case. A negative 
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sign would be in accord with earlier arguments that for 
short run decisions, education enhances opportunity cost of 
time, and other alternatives may become more attractive. 
Following the same argument off-farm activities (as a dummy) 
has an anticipated negative effect upon milk production. 
The off-farm coefficient is negative when simultaneity is 
taken into account, but becomes positive when it is ignored. 
Another discrepancy relates to the effect of permanent 
labor on milk production. The coefficient estimate is 
positive and highly significant for the simultaneous 
equation model, but it becomes negative when simultaneity is 
neglected. Milking requires labor on a permanent basis, 
thus a positive marginal product of family labor is 
sensible. 
Distance from the city as a proxy for relative terms of 
trade at the farm gate is expected to affect negatively milk 
production level. The further the farm is from the city the 
lower is the price of milk at the farm gate relative to 
purchased inputs. Therefore, the negative and increasing 
estimated coefficients for distance seem correct. 
Technical assistance is positive in both models although 
not significant. The negative effect of experience in Costa 
and Sierra is unexpected given that in those regions milking 
is a traditional activity while in the Amazonia livestock 
has been devoted almost exclusively to beef production for 
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Table 7.3 Coefficient estimates of the milk production 
function. Tobit and 2-stage Tobit estimations for 
the conditional and simultaneous equations, 
respectively^ 
Conditional 2-stage 
(3) Schooling 0.37 -2.13 
(0.95) (2.16) 
(4) Age 0.53 2.37 
(0.69) (1.97) 
(5) (4) squared —0.008 -0.037 
(0.95) (2.34) 
(6) Distance from the city -0.13 -0.37 
(0.37) (1.11) 
(7) (6) squared 0.0009 0.006 
(0.25) (1.70) 
(8) Labor -0.50 5.19 
(0.35) (2.21) 
(9) Technical assistance 3.48 1.23 
(1.25) (0.32) 
(10) Experience in Sierra or Costa 0.86 -9.17 
(0.29) (2.09) 
(11) Experience in Selva Alta -1.81 -7.74 
(0.94) (2.66) 
(12) Area of kudzu -0.25 -0.27 
(0.83) (0.91) 
(13) Area of brachiaria 0.21 0.23 
(1.57) (2.03) 
(14) Area of natural pastures -0.25 0.049 
(1.48) (0.34) 
^Absolute asymptotic t-ratios in parentheses. 
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Table 7.3 (continued) 
Conditional 2-stage 
(15) Crossbred cows 0.71 0.93 
(3.77) (4.54) 
(16) Other type of cows -0.24 -0.21 
(1.01) (1.67) 
(17) •Energy supplementation 0.011 0.009 
(0.84) (0.81) 
(18) Mineral supplementation 0.13 0.15 
(1.23) (2.24) 
(19) (13) * (17) -2.02 -1.70 
(1.68) (1.87) 
(20) Beef production —0.008 -0.18 ^ 
(0.14) (1.05) 
(23) Milking period 2.62 2.37 
(5.90) (6.17) 
(26) Area of crops -0.18 -6.33 ^ 
(0.70) (2.35) 
(27) Off-farm activities (dummy) 0.41 -0.84 
(0.17) (0.41) 
(29) Constant -10.54 -2.49 
2 
(0.62) (0.16) 
R 0.90 0.92 
^Expected values from the reduced form were used (first 
stage). 
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more than half a century. 
Milk production response to net area of brachiaria has 
the expected sign and is highly significant in the 
simultaneous equation specification. In contrast, the 
estimates for natural pastures and kudzu are both 
not significantly different from zero. But while the area 
of natural pastures has a positive tendency, the coefficient 
of kudzu has a negative sign. 
The number of cows with some phenotypical 
characteristics related to Holstein or Brown Swiss has a 
positive and highly significant effect on milk production as 
expected. On the other hand, the coefficient estimates of 
number of cows with other phenotype (mainly cebu) is 
negative and significantly different from zero when 
simultaneity is taken into account. Since cebu cows are 
regarded as "non-miIkable" cattle, an increase in their 
number will, ceteris paribus, increase the pressure for 
available resources, for example, higher stocking rate and 
lower energy per animal unit for the whole herd. Milk 
production elasticity of crossbred cows is very high; an 
increase in one percent of these cows would cause an 
increase of almost two percent in milk production in the 
region. 
Mineral supplementation has a significant and positive 
coefficient estimate. It is more significant when 
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simultaneity is taken into account. Again phosphorus is a 
crucial element for livestock production. Doubling the 
amount of mineral mix provided per unit of time would cause 
an increase of 22 percent in milk production in the region. 
Energy supplementation has a non-significant effect on 
livestock production. As in the beef function, the 
interaction with area of brachiaria is negative and 
significantly different from zero denoting the importance of 
substitution between these two sources of energy for milking 
cows. 
In accord with the theory, the effect of the joint 
product -beef- is negative. The cross product elasticity is 
almost unitary, an increase of one percent in liveweight 
gain of the young stock might be concurrent with a 
simultaneous decrease of 0.97 percent in milk production. 
The coefficient estimate does not reach significance, 
although variability is importantly reduced when simultaneity 
is taken into account. 
Crop and milk are non-joint in inputs, as is the case of 
crop and beef. Crop technology and milk technology 
compete for the same endowment of resources; primarily, 
permanent labor and managerial ability. The performance of 
the models should, therefore, be analyzed by observing both 
coefficient estimates: area of crops and availability of 
labor. It is clear that the simultaneous equation approach 
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performs better than the conditional model; among other 
things, because the labor coefficient estimate is positive 
and the area of crops estimate, negative, both estimates being 
highly significant. In the conditional approach, labor has 
the wrong sign and both are not significantly different from 
zero. 
The crop effect is very elastic; a ten-percent reduction 
in the total cropping area will release enough labor and 
management resources so as to double actual milk production 
in the region. 
Dedication to off-farm activities also competes with 
milk production for some factors of production, mainly 
operator's time. Consequently, the negative estimated 
coefficient obtained by the two-stage method is correct. 
Here, again, the conditional approach fails to coincide with 
theory. The lack of statistical significance may be due to 
aggregation of the information used to represent off-farm 
activities. 
Overall, the simultaneous equation model performs better 
in terms of correct signs and t-values. Besides, the 
multiple correlation coefficient is very high for cross 
sectional data. 
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Area of Crops 
Area of crops was used instead of actual crop production 
because data about production were not available at the time 
the survey was conducted. 
Around 17 percent of the farmers in the survey have no 
crops^, and some bias might have been expected if censoring 
were ignored. Therefore, a maximum likelihood estimation 
was used. 
As previously discussed, since crops and livestock 
products are non joint in inputs, then it seems appropriate 
to assume simultaneity between crops, milk and beef. 
Consequently, a two-stage Tobit estimation is used, and 
compared with a conditional Tobit (Table 7.4). Two 
versions of simultaneous equation model have been 
considered; in one of them beef is treated conditionally, 
and in the other both milk and beef are treated 
simultaneously with crops. 
Total area of farm except forest has been included in 
the equation to understand the effect of total land with 
^As explained before 53 percent of the farmers in the 
region have crops but not cattle (Peru, 1986); but only 
cattle farms have been incorporated in the domain of this 
study. 
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Table 7.4 Coefficient estimates of the annual crops area. 
Simple and 2-stage Tobit estimation for the 
conditional and simultaneous equations, 
respectively^ 
Conditional 2-stage 
1 2 
(1) Area of farm except forest 
(2) (1) squared 
(3) Schooling 
(4) Age 
(5) (4) squared 
(6) Distance from the city 
(7) (6) squared 
(8) Labor 
(9) Technical assistance 
(10) Experience in Sierra or Co 
(11) Experience in Selva Alta 
0.049 
(1.59) 
-0.0001 
(0.90) 
-0.50 
( 2 . 6 6 )  
0.39 
( 1 . 1 1 )  
-0.006 
(1.54) 
-0.14 
(0.87) 
0.0018 
(1.12) 
1.04 
(1.54) 
-0.18 
(0 .12)  
-1.96 
(1.44) 
-1.04 
(1.32) 
0.017 
(0.45) 
-0.00004 
(0.29) 
-0.35 
(1.74) 
0.80  
( 1 . 8 6 )  
—0.009 
(2.19) 
-0.17 
(1.01) 
0.0014 
(0.90) 
0.52 
(0.69) 
-0.47 
(1.78) 
-0.79 
(0.21) 
-1.27 
(1.59) 
0.05 
(1.64) 
—0,0001 
(0.98) 
-0.50 
(2.69) 
0.39 
(1.09) 
-0 .006 
(1.55) 
-0.14 
(0.87) 
0.0017 
(1.12) 
1.05 
(1.57) 
0.31 
(0.19) 
-1.67 
(1 .18 )  
-1.03 
(1.33) 
^Absolute asymptotic t-ratios in parentheses. 
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Table 7.4 (continued) 
Conditional 2-staçe 
1 2 
(12) Area of kudzu - 0 . 1 2  - 0 . 1 3  -0.12 
(1.4#) ( 1 . 5 4 )  (1.42) 
(15) Crossbred cows 0 . 0 0 3 2  - 0 . 0 1 2  0.009 
( 0 . 0 3 )  ( 0 . 1 2 )  (0.09) 
(16) Other type of cows - 0 . 1 2  - 0 . 1 4  -0.13 
(1.80) ( 2 . 0 3 )  (1.83) 
( 2 0 )  Beef production - 0 . 0 2 5  - 0 . 1 4  b -0.024 
( 1 . 2 0 )  (1.33) (1.18) 
(23) Milk * milking period - 0 . 0 0 4  -0.18 b -0.14 b 
( 0 . 3 0 )  ( 0 . 9 4 )  (0.77) 
(27) Off-farm activities (dummy) - 0 . 3 9  - 0 . 7 0  -0.37 
( 0 . 3 5 )  (0.66) (0.34) 
(29) Constant 1.73 -6.56 2.03 
( 0 . 2 0 )  (0.64) (0.23) 
r2 0 . 3 4  0.33 0.35 
^Expected values from the reduced form were used (first 
stage). 
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2 
rights of possession upon farmer's decision to allocate land 
to annual crops. The corresponding coefficient estimates 
are positive and decreasing, but do not attain statistical 
significance. 
Formal education has a negative and significant effect 
which might be related to higher opportunity cost of 
operator's time, parallel to the effect of off-farm 
activities as will be seen later. In contrast, the area of 
crops increases with age, a variable that has to do with 
overall training of the operator and probably with an 
increase in consumption expenditure too. 
Annual cropping is a seasonal activity with peaks in the 
demand for labor for land preparation (August-September) and 
harvest (March-April). Permanent labor is important but 
farmers usually need to hire labor or to do communal jobs 
among neighboring farms in such periods. Consequently, the 
estimated coefficient for permanent labor is positive 
although it becomes non-significantly different from zero 
for the two-stage estimation. 
Recall that in this study technical assistance is a 
dummy variable that refers to participation of the farm in 
projects or programs related to livestock production. The 
Forest is not included because there are not clear 
rights of possession of such areas in the Peruvian Amazonia. 
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effect of such a variable on annual crops is expected to be 
negative, because livestock production in general compete 
with crops for farm resources. Therefore, the negative sign 
of the estimated coefficient of technical assistance is 
correct; it becomes significantly different from zero when 
simultaneity is reckoned. 
The estimated effect of experience outside lowland 
Amazon Basin turned out to be negative. This result seems 
apparent in the case of migrants from Costa or Sierra, given 
that environment and type of crops differ widely between 
these regions and Amazonia. 
In case of experience in Selva Alta, a negative and 
significant coefficient was obtained. The larger capital 
endowment of most migrants from this region, where coca is 
produced, seems to be more important force than the 
similarities that exist between climate in this region and 
in lowland Amazon Basin. Settlers with more capital are 
able to build cattle herds faster and do not need to rely on 
cropping as a source of liquidity and subsistence. 
Area of crops is negatively associated with distance to 
the city. The closer the farm to the city, ceteris paribus, 
the larger the area of annual crops, mainly due to higher 
product prices relative to purchased inputs and consumption 
goods. The corresponding coefficient is, nevertheless, 
not significantly different from zero. 
175 
Net area of kudzu was included because the legume's most 
important attributes were supposed to be improving soil 
fertility and controlling weeds, both of which may be useful 
for annual cropping. Data about area of kudzu outside 
pastureland are, unfortunately, not available. It was 
thought that the presence of kudzu in the pasture subsystem 
would imply presence of kudzu in secondary vegetation and 
thus in the crop subsystem. The negative estimated 
coefficient of area of kudzu, however, show either that the 
presence of legume in the pasture subsystem is unrelated to 
its use in the cropping areas, or that kudzu is not 
currently being significantly used for speeding the 
shifting cultivation cycle. 
An increase in the herd size implies increase in wealth 
and more competition for factors such as labor and land. 
Increasing wealth, as explained above, reduces the need for 
cropping. The overall expected effect of herd size upon 
area of crops is then negative. Number of cows has been 
disaggregated in terms of type of cows. Cebu type of cows 
has a significant and negative effect on area of crops, 
while the estimated coefficient for crossbred cows is 
non-significantly different from zero. Such a difference 
between types of cattle may be explained by the greater 
dedication that crossbred cows demand. Dedication and farm 
attendance, in turn, are factors closely related to area of 
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crops. 
As explained before, milk and annual crops are non-joint 
in inputs. Consequently, the negative sign obtained by both 
estimation methods is correct; although, the variability of 
the estimate decreases when simultaneity is taken into 
account. The condition of symmetry for the simultaneous 
production holds. 
There es a discrepancy between the conditional and the 
simultaneous equation estimates with respect to the sign of 
the beef production coefficient. Liveweight gain effect is 
negative for the former but turns positive for the latter. 
Given that beef and annual crops are also non-joint in 
inputs, a negative sign must be expected. The inconsistency 
of the simultaneous equation estimation might reside in the 
lagged nature of liveweight gain data. For this reason, an 
intermediate model has been specified (version 2 in Table 
6.10) where simultaneity is explicitly reckoned for milk and 
crops, while beef is treated conditionally. This crop area 
submodel performs better than the other two versions in term 
of signs, t-ratios and multiple correlation coefficient. 
Off-farm Participation 
As much as 35 percent of the cattle farmers participate 
in off-farm activities. A dichotomous variable has been 
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used to denote participation in economic activities outside 
farming. A more suitable variable for the overall decision 
model would have been time devoted to those activities. 
But, since date were difficult to obtain with precision, a 
dummy dependent variable was adopted. Assuming that the 
disturbances are normally distributed, a Probit maximum 
likelihood estimation has been used (Table 7.5). 
According to the simultaneous equation model, milk 
production may be correlated with the disturbances in the 
off-farm participation function, because both are short term 
decisions. Therefore, the expected value of milk production 
per period was used.^ For comparison, a conditional version 
is included using actual milk production per period (Table 
6.11) 
Liveweight gain has been excluded after its coefficient 
estimate was found to be not significantly different from 
zero. The lagged essence of the variable makes beef 
production irrelevant for current off-farm participation, 
given that number of cattle and milk production are 
^Off-farm has entered conditionally in the output 
equations. It was assumed that correlation between the 
endogenous dummy (off-farm participation) and the 
corresponding disturbances is small enough. 
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capturing the effect of current livestock production. 
A higher level of formal education has a positive and 
significant effect upon the probability of off-farm work. 
An increase in schooling improves accessibility and 
interpretation of information, and raises opportunity cost of 
time, while new alternatives become available. It follows 
that less farmer's time is allocated to farming activities. 
Age has also a significantly positive and decreasing effect 
on the decision to participate on off-farm work. These 
results conform with other studies about off-farm labor 
participation of the farm operator (Huffman, 1980; Sumner, 
1982; Huffman and Lange, 1988; Griliches, 1964; Tockle, 
1988). 
Distance from the city captures variability related to 
real effective wage rate. The closer the farm to the city 
the higher the real effective wage received by the farmer. 
This situation is explained by a higher labor demand and 
lower commuting costs when the farm is closer to the city. 
The corresponding estimated coefficient is negative and 
significantly different from zero as anticipated. 
The coefficient estimate corresponding to the effect of 
permanent labor on the decision to work in other activities 
is positive and significantly different from zero. There 
is some labor substitution between farmer and permanent 
workers in the farm. 
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Table 7.5 Coefficient estimates of the off-farm activities 
decision function. Probit and 2SLDV estimation 
for conditional and simultaneous equations, 
respectively^ 
Conditional 2-stage 
(3) Schooling 0 . 1 4  0 . 1 4  
(1.69) (1.66) 
(4) Age 0 . 2 0  #.21 
(1.41), (1.47) 
(5) (4) squared - 0 . 0 0 2 5  - 0 . 0 0 2 1  
(1.63) (1.71) 
(6) Distance from the city - 0 . 0 2 4  - 0 . 0 2 4  
(1.98) ( 2 . 0 2 )  
(8) Labor 0 . 5 2  0 . 5 6  
( 2 . 0 2 )  
( 1 0 )  Experience in Sierra or Costa 0 . 1 0  0 . 0 6 5  
( 0 . 1 6 )  ( 0 . 1 0 )  
(11) Experience in Selva Alta 0 . 1 5  0 . 1 4  
( 0 . 3 8 )  ( 0 . 3 7 )  
(12) Area of kudzu - 0 . 0 5 1  - 0 . 0 5 5  
(1.25) (1.37) 
^Absolute asymptotic t-ratios in parentheses. 
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Table 7.5 (continued) 
Conditional 2-stage 
(13) Area of brachiaria -0.049 -0.049 
(1.66) (1.66) 
(14) Area of natural pastures 0.026 0.026 
(0.89) (0.91) 
(15) Crossbred cows -0.12 -0.11 
(1.84) (1.75) 
(16) Other type of cows 0.034 0.036 
(0.94) (0.97) 
(23) Milk * Milking period 0.007 0.063 b 
(1.19) (0.88) 
(25) Cropping (dummy) -0.39 — 1.40 
(2.22) (2.24) 
(29) Constant -3.15 1 w
 
w
 
00
 
(0.99) (1.05) 
r2 0.51 0.50 
'^Expected values from the reduced form were used (first 
stage). 
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Experience from other regions does not seem to affect 
off-farm work, even though the sign of the corresponding 
estimates is positive. 
The relationship between area of pastures and off-farm 
work participation depends on the quality of pastures 
present in the farm. The area of natural pastures seems 
positively associated with the decision to participate in 
off-farm activities, while the area of improved pastures 
-kudzu and brachiaria- have a negative effect on that 
decision. The coefficient estimates corresponding to area 
of brachiaria and area of kudzu are significantly different 
from zero. Similarly, the effect of herd size has a 
dissimilar effect according to the type of cattle present in 
the farm. An increase in the number of cows with European 
phenotype significantly reduces the probability of off-farm 
work, while an increase in cebu cows increases that 
probability. These relationships demonstrate that a higher 
capital stock in the form of pasture and livestock quality 
causes an increase in the opportunity cost of working 
outside the farm, or equivalently, it causes an increase in 
reservation wage of the farmer. 
A parallel effect is produced by dedication to cropping 
which has a negative and significant coefficient. Cropping 
is also a time competing activity. It is assumed that 
the decision to participate in off-farm activities is 
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conditional on cropping. The case of milking is different, 
milk production requires a special marketing effort on a 
daily basis. This is particularly crucial in the Amazonia 
given the climatic conditions and the lack of development of 
marketing services in the region. The higher the level of 
production the more pressing the need to solve the marketing 
problem. Frequently, the farmer himself/herself delivers 
the product to the city. Such frequent contact with the 
city also brings about off-farm alternatives to the farmer. 
Obviously, there are still competitive forces due to on-farm 
chores linked with milk production. As a result, the 
coefficient estimate corresponding to milk production is 
not significantly different from zero, although, with a 
positive sign. 
In order to avoid possible correlation with the 
disturbances the expected value of milk production is used 
in the two-stage estimation. There are not important 
discrepancies between the two methods of estimation. 
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CHAPTER VIII. IMPLICATIONS AND CONCLUSIONS 
In this final chapter, further discussion about the most 
relevant findings and their implications for the development 
of the Peruvian Amazonia is presented. Emphasis is given to 
the impact of human capital variables, different types of 
innovations, and value of land, on the adoption of 
technology. Some conclusions are offered in the last 
section. 
Human Capital 
It was hypothesized that adoption decisions and supply 
functions are affected by the farmer's prior information, 
pattern of interpretation of new information, and the 
function of preferences which includes goal priorities. It 
was assumed that these components in the model are dependent 
on human capital variables. Consideration of human capital 
variables has a special connotation in economic decisions in 
the Amazonia, because of the large variability in the 
typology of the migrants, because they come from various 
regions, with diverse background and different education 
levels. The hypothesis proved to be correct according to 
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the results in Chapters VI and VII; although, certain human 
capital variables are more important than others and the 
effect varies according to the type of decisions involved. 
Schooling level has a positive effect on adoption of the 
following innovations studied: improved pastures, crossbred 
cows and supplements. They have in general been adopted in 
a larger degree by producers with more years of formal 
schooling. It is interesting to notice, however, that for a 
given level of adoption, more years of schooling does not 
necessarily imply more production. In fact, marginal effect 
of schooling is negative for beef, milk and area of crops. 
The apparent contradiction has been explained by the 
positive marginal effect of education on off-farm 
activities. Education helps to increase quantity and quality 
of assets and indirectly increases output; but the direct 
effect is negative because schooling raises opportunity cost 
of dedication to the farm in terms of labor and management 
time. 
The marginal product of time in the farm increases with 
schooling, but relocation of total time, at the end, harms 
farm production. The quick urbanization process presents a 
dynamic set of alternatives to the farmer, and education 
provides tools for a more complete knowledge and better 
assessment of the portfolio. 
The effect of age is opposite to that of education in 
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most adoption decisions. Innovativeness might be linked to 
age, but this is not the only factor that explain why young 
producers tend to have higher proportion of improved 
pastures. It has been said before that medium run fixity is 
a key attribute of pasturelands. "Old producers" are more 
likely to have natural pastures, because information about 
new species was less available when they first open 
pastureland, and used species that were non-persistent. 
Replacing old pastures by brachiaria or kudzu is costly 
and technically difficult, while recently cleared forest or 
secondary vegetation provides an excellent frame for 
introducing improved pastures. Innovativeness of young 
producers in farm activities might be better expressed in 
short term decisions like the rate of phosphorus 
supplementation to the herd. However, age is acting in the 
same direction as education level with respect to 
opportunity cost of farmer's time. In this case, age tends 
to enlarge information set and knowledge about other 
alternatives. As a result, older farmers tend to 
participate more in off-farm activities than younger 
counterparts. 
The results presented in the last chapters confirm the 
high marginal productivity of family or permanent labor for 
all farm activities in the region as found in other studies 
in tropical new lands (Nelson, 1973). Although, specific 
186 
allocation of labor was not included in the econometric 
analysis; it was observed that an increase in the overall 
provision of labor significantly increases beef, milk and 
crop production, and also increases the probability of the 
operator engaging in other activities. 
The marginal value of labor in the region is in fact one 
important force for migration from Sierra and Costa. In 
aggregate, the average income per capita in Selva Baja is 
50 per cent larger than in the Sierra; and although average 
income per household in Costa is 30 percent higher than in 
Selva, the Gini index of distribution inequality is much 
lower in Selva (Peru, 1989). There is evidence, however, 
that the marginal value of labor has become larger in Selva 
Alta in the last decade due to high labor demand from coca 
farms (Morales, 1986). Many young migrants that offer labor 
services now prefer to work in Selva Alta because of high 
wages despite personal safety problems. Consequently, there 
has been a large increase in marginal cost of labor for 
other activities in the Amazonia. 
Efforts directed to technical assistance, measured as 
participation in research or extension projects, have 
affected the system at least in the short run. Technical 
assistance has a positive marginal effect on beef and milk 
production in the region, and a positive effect on the 
demand for new short run inputs. It has an especially 
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important effect on the demand for mineral supplements 
that is translated into higher beef and milk output rates. 
Little can be said though about the effect of technical 
assistance on adoption of long run innovations. A negative 
effect on number of crossbred cows was found. Such a result 
may be due to the priority given to small farmers by 
research and extension projects in the last decade (IVITA, 
1981). 
The experience obtained in other regions affects in 
several ways the performance of farming systems in the 
Amazonian plains. What has been learned in the past in a 
completely different environment, often as a tradition, 
frame the decision making process in the new lands. For 
example, experience in Sierra and Costa, temperate climates 
with rich soils, implies positive perceptions about 
gramineous prairies, grazed by Holstein or Brown Swiss 
cattle, and general knowledge about dairying and 
supplementation. Consequently, it is natural to observe 
that migrants from those regions are more likely to have 
brachiaria or natural pastures rather than associations with 
kudzu: a climbing legume of wide leaves totally unknown in 
those regions. It is also natural that they have larger 
proportion of European rather than cebu cattle. This 
predisposition is not always beneficial for productivity 
since experimentally around 3/4 European plus 1/4 cebu seems 
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to be technically optimal for milk production, and probably 
less than 3/4 European in case of beef production (see 
Chapter II). But cebu, a breed that provides resistance to 
diseases, is unknown in Costa and Sierra. The migrant must 
go through a painful process of re-learning in the new 
environment, where traditional knowledge is often a 
constraint. 
In contrast, migrants from the Eastern foothills of the 
Andes or Selva Alta come from a similar environment in terms 
of climate, and have been exposed to dual purpose systems 
with European crossbreds. As explained in Chapter II, many 
of these migrants are either in a second-stage of the 
migration process, or are descendants of recent migrants 
from the Sierra. Therefore, these settlers might have a 
more complete information set for farming in the Amazonian 
plains. However, farmers coming from Selva Alta have 
relatively large farms and have other activities besides the 
farm. As a result, marginal product of experience in Selva 
Alta is positive for beef production but negative for milk 
and annual crops. 
Simultaneity in Production Decisions 
The distinction of farm decisions in terms of the degree 
of fixity is adequate because of the dynamics of production 
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systems in the Amazonia. The system performs in a partially 
recursive manner. Decisions that involve factors of 
production that correspond to a similar degree of 
flexibility often occur simultaneously. 
Medium term decisions, such as those related to species 
of pastures or type of livestock, involve changes in the 
stock of quasi-fixed factors and therefore affect the flow 
of marginal net benefits in several future periods and the 
value of assets. The specification of the econometric model 
taking simultaneity among medium run decisions into 
consideration satisfies a priori restrictions in sign and 
obtains an overall better fit. 
Short term decisions may or may not be made 
simultaneously. For instance, there is no evidence in this 
study that the use of mineral and energy supplements 
correspond to simultaneous decisions. A conditional 
specification generally performs better. 
Value of the Innovations 
According to estimated marginal products, kudzu is far 
more important for beef than for milk production. Even 
more, when dual purpose cattle occur in the farm the demand 
for the legume is depressed while the demand for brachiaria 
increases substantially. Farmers, in general, have 
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knowledge about the possible contribution of the legume to 
cattle nutrition and the importance of "variety" in diet. 
Many of them understand also its contribution to soil 
fertility and its resistance to dry seasons. But, the 
critical disadvantage of kudzu is the instability of the 
association with brachiaria. Such negative aspects seem to 
outweigh the positive ones. 
Brachiaria is an example of a successful innovation. 
Besides the appeal to the perceptions of migrants, 
brachiaria is very aggresive and reduces labor requirements 
for weed control. This is specially important given the 
relatively high marginal value of labor discussed above. 
Although more than 90 percent of cattle farms in the 
region have brachiaria within pastureland, there is still 
room for intrafirm diffusion. In aggregate, around 55 
percent of the pastureland is brachiaria, and its marginal 
product is high for both beef and milk outputs. Further 
diffusion will be encouraged by an increase in the number of 
European crossbred cows and by milking. As previously 
reviewed, evidence indicates that decisions to increase the 
area of brachiaria and to augment the number of cows with 
dairy phenotype are done simultaneously. 
In this context, increases in the area of improved 
pastures tend to increase labor and management productivity 
on the farm which implies an increase in the farmer's 
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reservation wage. Consequently, the probability of off-farm 
participation is significantly reduced by further 
improvements in pastureland. 
It was indicated before that the optimum type of animal 
for Selva Baja is a crossbred between European breeds and 
cebu. Nevertheless, increases in productivity require more 
influx of European genotype in the current regional 
reproductive stock rather than more cebu. Marginal milk 
production of cows with some Holstein or Brown Swiss 
phenotype is still very high while marginal milk production 
of cebu cows is negative. A similar, although more 
moderate, relationship occurs in case of marginal beef 
production. The increase in crossbred cows have a positive 
partial effect upon the value of operator's time, as was the 
case of pasture improvements. Consequently, it induces a 
reduction in off-farm participation. As previously 
reviewed, human capital variables play a crucial role in the 
composition of the herd. 
Diffusion of the use of phosphorus supplementation must 
be the most attractive way to increase beef and milk 
production in the short run in the Amazonia. The innovation 
offers practically no risk and is very flexible; it permits 
trial at low cost and has a high marginal product in both 
beef and milk. The only requirements are information and 
liquidity. However, less than half of the cattle farms in 
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the region provide mineral supplementation as a regular 
basis. It seems that the most important limitation for 
further adoption is information about phosphorus 
productivity and about commercial mineral mixes that may be 
most appropriate for the region.^ 
Energy supplementation is just a substitute for 
grasses. It is generally used when pastures are of low 
quality or when stocking rates become to high. The most 
important limitations for increases in the use of energy 
supplements are availability and transportation costs. 
These limitations confine the use the input to farms having 
certain location or transportation facilities, or when 
farmers are engaged in mill activities. 
Milk and beef have negative cross product elasticities, 
and both output levels are negatively affected by an 
increase in crop production. The trade-off between milk and 
beef is intrinsically linked to joint technology 
relationships; while the trade-off between livestock 
products and crop output is due to competition for labor and 
management. Since milk production is more time demanding 
than beef production, then the marginal effect of crop 
production on milk is larger in absolute value than the 
^There is a variety of commercial mixes in the market 
and the content of assimilable phosphorus varies wildly. 
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corresponding effect on beef. Programs that encourage milk 
production must take into account the value of cross 
output elasticities, and therefore, the expected marginal 
reduction in annual crop production in the region. 
Value of Land 
A critical factor that frames the rural development path 
is the value of land. If the market value of land is set 
below its social value development will imply a high cost in 
term of natural resources. The private optimum land 
productivity will in the long run be lower than the social 
optimum. In this context, cheap land without restrictions 
is wasteful; it leads to the adoption of land-using 
technologies. Likely by-products are excessive destruction 
of forest, depletion of soil fertility, increase in areas of 
secondary vegetation and propensity to latifundios^ and 
land-ownership inequality. 
The effective supply of land depends on the marginal 
cost involved in taking possession of it. The construction 
of roads without direct tax payments by settlers and also 
free land for the first-coming becomes a indiscriminate real 
subsidy that reduces marginal cost increasing effective 
^Latifundios are large states. 
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supply. On the other hand, migration and the development of 
market infrastructure increase the demand for land. The 
rapid growth of urban centers in the region causes an 
increase in the demand for regional products, improves the 
terms of trade at farm level, and favor an upward pressure 
for the market value of land. 
Although the cross-sectional data used in this study did 
not include information about relative prices, information 
about distance from the city provides insights related to 
the terms of trade at the farm gate. 
Land market value depends on its capability of producing 
net income. Therefore, for a given type of soil and level 
of improvements a farm closer to the city must be more 
expensive due to benefits related to commuting costs, 
marketing facilities and other services. Output prices at 
the farm gate are higher while purchased inputs and consumer 
goods tend to be cheaper due to lower transportation costs. 
Improvement in terms of trade and higher land value 
induces certain intensification which is mainly translated 
into an increase in milk and crop production, and a 
reduction in beef output. Such a tendency towards 
intensification exists despite the high costs that 
improvements in old degraded pastures imply. Land closer to 
the city is older in terms of time since forest clearing; 
pastures originally sown were inappropriate and soil 
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fertility has declined. As explained before, introducing 
brachiaria into these prairies is costly. For these reason, 
brachiaria is still more frequent in relatively new farms. 
Intensification in farms closer to Pucallpa may often be 
observed just by an increase in stocking rate. It is 
interesting to notice that these farms have adopted larger 
area of kudzu than their distant counterparts: a result that 
is consistent with the legume ability to increase stocking 
rate. Still such decision corresponds mostly to farmers 
that do not produce milk, because all estimates indicate a 
negative correlation between dairy activities and kudzu. 
Some forces are acting against intensification in farms 
that are close to the city. Location may encourage off-farm 
participation which in turn may lead to lack of attendance 
to farm chores, and, in some cases, to possessing land 
mainly for speculative purposes. 
Serious empirical studies about land value formation in 
the Amazonia are urgent. It is important to understand the 
marginal effects of subsidies and social costs and benefits 
for different sectors of the society. Setting a welfare 
function to define optimum policies is, of course, subject 
to value judgements, but economists interested in a balanced 
development in the Amazonia must analyze alternative 
policies carefully in close correspondence with specialists 
in other disciplines, and let Peruvians learn about the 
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expected consequences of today's policy decisions. 
Conclusions 
Classification of decisions related to farm production 
in terms of degree of fixity of factors involved proved to 
be useful for understanding economic behavior of cattle 
farmers in the Amazonia. Medium term decisions affecting 
pastureland and herd composition are made simultaneously. 
Large variability in human capital variables among the 
settlers explain an important part of the subsequent 
variability in decision making. Prior knowledge affects 
perceptions about innovations and dictates pattern of 
adoption. 
Formal education increases the value of farm assets, but 
reduces time devoted to farm activities due to an increase 
in off-farm activities. At the end, marginal effect of 
education on farm supply turns negative. 
Family labor has a significant marginal product for 
milk, crop and beef output, and also has a positive marginal 
effect on the probability of off-farm participation. It is 
clear that labor in the Amazonia is relatively scarce. 
Brachiaria is a successful innovation in terms of speed 
and degree of adoption. Main attributes of brachiaria are 
high marginal products for milk and beef, aggressiveness and 
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persistence, labor saving in weed-control chores and general 
appeal. 
Kudzu has a positive marginal beef production, but a 
negative marginal milk production. Farmers have information 
about the contribution of kudzu as a legume to the system; 
but are concerned about unstability of its association with 
brachiaria. 
Adoption of inproved pastures and crossbred cows 
increase the reservation wage of farmers and reduce the 
probability of off-farm participation. 
Phosphorus supplementation has large beef and milk 
production elasticities and must be the best tool to 
increase productivity in the short run. Main limitations 
are liquidity and information. 
Higher land values and improvement in the terms of trade 
at the farm gate induce intensification of technology. 
Intensification is observed by an increase in stocking rates 
and by a partial substitution of beef output by milk and 
crops. 
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